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By conforming, not deforming. 


Bag Conformity and Centration. The two features of CILCO* cantilever loop 
single-piece IOLs that provide for better capsular fit. 


Their proprietary haptic designs allow these lenses to accommodate to the size 
of the capsular bag. This conformity can eliminate the unequal zonular stress and 
the capsular bag distortion that can occur with an exceptionally long haptic, or 
unforgiving haptic design. The ability to accommodate also decreases the likelihood 
of a haptic overextending the anterior capsular flap and displacing into the sulcus. 


Our unique haptic designs result in uniform radial forces that automatically 
center the optic. These gentle forces of centration also restore the natural shape of the 
capsular bag. This is achieved by providing an effective 360 degrees of radial stretch. 
And, this stretch helps to eliminate capsular wrinkles, a primary pathway for 
posterior capsule opacification. 







Manufactured from lathe-cut, high molecular weight PMMA, these lenses exhib 
superior memory. Thus, they preserve the angulation that minimizes the risk of 
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Lens after implantation viewed from behind the iris 





iris chafing and pupillary block, as well as the haptic shape that maximizes centration. 


To learn more about keeping the capsule in shape, contact your Alcon Surgical 
CILCO* Territory Manager, or call 1-800-654-6243, toll free. 


CILCD Single-piece PMMA 
Posterior Chamber Lenses 


b Designed for a better capsular fit 
Alcon 


SURGICAL 


Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134, 1-800-654-6243. 
CILCO* is a registered trademark of Alcon Surgical, Inc. 
Caution: Investigational device limited by federal (USA) law to investigational use. 


= ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc. 
Irvine, CA 92713 © 1989 





When something is missing, 
it’s just not the same. 
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Two polymers, not one, to provide comfort and help maintain the corneal and 
conjunctival health jeopardized by dry eye. 


One polymer is povidone (polyvinylpyrrolidone). Povidone, a wetting agent with 
mucin-like properties, helps coat the conjunctival surface. 


The other is Liquifilm® (polyvinyl alcohol 14%). Liquifilm provides prolonged 
surface contact time to sustain comfort. It has less of an effect on corneal 
epithelium regeneration than methylcellulose 0.5% and isotonic saline. ! Plus, 
Liquifilm offers instant wettability and stabilizes the precorneal tear film 
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human tears.* All of which makes = 
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indeed be true. j naa 
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4 Allergan Pharmaceuticals Report Series No. 179. 
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spasm which cholinergic agents are known to 
he blurred vision and night blindness often asso- 
with miotic agents are not present with Propine therapy. 
nts with cataracts avoid the inability to see around len- 
J opacities caused by constricted pupil. CONTRAINDICA- 
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Scleral Buckling After Failed Air Injection Pneumatic 
ee 


dina was aa. reattached using a scleral 
‘procedure and intravitreal air tamponade. 
-been using intravitreal injections of filtered room 
mponade the retinal break and cryotherapy to cre- 
ioretinal adhesion for repair of selected retinal 
nts. More than 30 operations have now been per- 
Initially, approximately 1 mL of intravitreal air 
ed, although now I routinely use 0.35 to 0.4 mL of air, 
1 appears to be sufficient to tamponade small breaks. 
The »reliminary findings were presented at the Pneumatic 
Retinopexy Symposium, held in San Diego, Calif, in August 
1988. 
| Lewen and Ejifrig stated that the air bubble was inade- 
. quate imsize to tamponade the retinal break approximately 
€ hours later. This cannot be explained on the reabsorption 
of the air. The injected volume of air should have been more 
tharesufficient to tamponade the single break, especially in 
aperior meridian. Complications obviously would have 
ented if the unnecessary additional air was not 
Air fish eggs also have a tendency to coalesce into 
bubble spontaneously, if given time. The fish eggs 
avoided during a reinjection by directing the needle 
1¢ existing air bubble. This maneuver is facilitated if 
‘bubble is large, as in this case. This subretinal air bub- 
ple can also be used to tamponade the retinal break in a sub- 
retinal fashion by appropriate positioning. It is not clear 
frem the description what the authors mean by ‘ ‘incipient 
- detachment” of the macula, in a subclinical 60°detachment 
` located superonasally. In the second paragraph, mention is 
- made of the original break being located in a superotem- 
: pora: position, which is not consistent with the stated po- 
sition of the break being at the 1:30 position of the right 
| eye. 
S _ Poliner and Tornambe,’ in the April 1989 issue of the AR- 
CHIV 5S, erroneously stated that large volumes of air show a 
signiicantly higher risk of retinal breaks as compared with 
smal velumes of expansile gases. I used 0.5 mL of 100% 
sulfur hexafluoride (SF), which expands to an effective 
e of 1.2 mL. This is not only larger than most air 
bries: needed to tamponade a retinal break but also lasts 
: muc longer, prolonging vitreous displacement. The logical 
--eone usion from these observations is that air bubbles, due 
to their shorter half-life, are probably less disruptive than 
ax anding longer-acting gases. The shorter half-life and 
nonexpansile nature of air bubbles has to be kept in mind 
E wher | iistraocular effects of gases are considered. 
: , Moiz M. CARM, MD 
Reading, Pa 





















































n and Eifrig chose not to respond.— ED. 
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1989 issue of the ARCHIVES, we had erroneously ati 
the use of large volumes of air in maon ret 









after njection, Because of other issues pae to intrace 
ular gas volume, we wish to clarify this :ssue furt 
gard to the selection of appropriate intraocular. gases 
use in pneumatic retinopexy. | 

In his “Air Injection Pneumatic Retmopexy” pr 
tion at the Pneumatic Retinopexy Sympesium in San Di 
Calif, in August 1988, Dr Carim stated that he manag 
tients with cryotherapy and injectien of filtered roo 
Initially, room air injections were undertaken with 3 
volume of 1 mL, requiring paracentesis in all cases. 
rim did note postoperative complications of missed an 
retinal breaks, though the inciderce was not specifi 
Though animal studies have documented that injection: 
large gas volumes compress cortical vitreous, there 
been no human studies to document the effect of int: 
lar gas volume on the incidence of new retinal break 
would seem plausible, however, that an njection of a sm: 
volume of expansile gas would both minimize the necessi 
for paracentesis and provide a slow expansion of gas ov 
several days, limiting sudden, immed:ate vitreous trac 
tional effects opposite the original retimal break. = 

Dr Carim described a patient treated successfully witl 
pneumatic retinopexy using filtered rocm air in whom 
intraocular air bubble was judged inadequate to tampo 
the entire retinal break on the second postoperati 
Since the retinal breaks in his series were trea 
cryotherapy, and since treatment with cryotherapy 
quires 7 to 10 days for an effective adhesion to form, a1 
traocular air bubble might dissipate toc quickly for the 
ternal tamponade to be effective. His case was suceessf 
managed because there was minimal residual 
traction present. In his case, the renna pigmen! ep 







































































































retinal fluid, the 1.5 to 2.0 al of injectedair was reabsorbed - 
within 8 days. This is an extremely large volume of gas, x 
displacing almost 50% of the vitreous volume. Though this 
technique might be effective in eyes with smali retinal 
breaks, larger breaks may not be adequately supported by- 
an internal tamponade with filtered room air. The use ofla- 
ser photocoagulation may obviate this meed for lon er term 
tamponade as the chorioretinal adhesion forms in shorter E 
period. Pog ait 


















Dr Carim noted that pneumatic retinopexy with filtered 
room air was advantageous in that the technique could be 
utilized in Third World countries, where perfluorocarbon 
gases were unavailable. Certainly the technique merits 
consideration, but the necessity for paracentesis and the 
inadequate tamponade of moderate to large retinal breaks 
would seem to limit its usefulness. Long-term follow-up in 
the series of patients managed with filtered room air would 
also be valuable, along with data concerning postoperative 
complications. 

Lon S. Poliner, MD 
PAUL E. TORNAMBE, MD 
San Diego, Calif 


1. Rosengren B. 300 cases operated upon for retinal detachment: method 
and results. Acta Ophthalmol. 1951;30:117-122. 


Optical Pachometry in the Measurement of Anterior 
Corneal Disease: An Evaluative Tool for 
Phototherapeutic Keratectomy 


To the Editor.—The 193-nm excimer laser offers a poten- 
tially beneficial therapeutic technique for the precise re- 
moval of diseased or opaque anterior corneal lamellar tis- 
sue, leaving a smooth surface that provides for reepithe- 
lialization, a clear cornea, and an appropriate refractive 
surface. The therapeutic potential of the excimer laser in 
lamellar ablative keratectomy depends on an accurate 
means for measuring the depth of the anterior corneal dis- 
ease. We have found the modified Haag-Streit optical 
pachometer' useful in the preoperative evaluation of pa- 
tients considered for such laser treatment. 

Since its introduction, the optical pachometer has been 
used for the determination of full corneal thickness by 
measuring the apparent thickness of an optical section of 
the cornea viewed from a fixed angle.! Using accurate 
alignment of the slit lamp and the microscope in relation to 
the corneal surface, one obtains typical precision values? of 
between 0.007 and 0.013 mm, with insignificant error intro- 
duced by physiologic variations in refractive index and cor- 
neal radius.’ 

We have used the Mishima modification of the Haag- 
Streit optical pachometer' to determine the thickness, or 
stromal depth, of anterior corneal scars or opacities prior 





Fig 1.—Left, Pachometry of corneal thickness by alignment of upper 
field endothelium with epithelium of the lower field. Right, Pachometry of 
anterior corneal scar aligning the posterior extent of the lesion with the 
epithelium of the lower field. 
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Fig 2.—Top and center, Preoperative appearance of the cornea with 
lattice dystrophy. Preoperative best corrected visual acuity was 20/300. 
Measured depth of more opaque corneal opacity was 120 um including 
the epithelium. Bottom, Postoperative appearance of same eye after 
excimer laser photoablation to a depth of 125 um. Diameter of ablated 
area is 5.5 mm. The majority of opacity has been removed. Posttreat- 
ment best corrected visual acuity improved to 20/30. 
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0 otherapeutic keratectomy by he excimer laser. 
ic ESS cerneal measurement is obtained by align- 


end dothelium of the upper field with the epithelium 
sip field. Ped a Bra horizontal dividing line 






































y measure he depth of the disease. The 
ement error associated with the average thickness 
neal sear for each patient was relatively small; the 
BE the average was 1.7 um or 1.5 um, depending on 

whevher. three or four readings were used to compute the 

s. The reliability of these averages is greater than 


‘tial clinical trials of phototherapeutic keratec- 
he excimer laser, we have found a strong clin- 
ion between these anterior depth measure- 
oth intraoperative and postoperative corneal 
results. For example, a patient with a clinical 
lattice corneal dystrophy had a preoperative 
ometric measurement of 520 um of corneal 
ad a ens a of corneal opacity (including 


Rable eEnical tool. Its use in patients for whom excimer 
ar keratectomy is planned allows rapid determina- 
sormeal lesion depth, which is essential to prediction 
atentia: treatment efficacy and the definition of the re- 
i extent of ablation. 





WALTER J. STARK, MD 
MICHAEL L. GILBERT, MD 
JOHN D. GottscH, MD 
Baltimore, Md 


CHARLES MUNNERLYN, PHD 
Sunnyvale, Calif 


Jus Stark, Gilbert, and Gottsch have no proprietary, financial, or 
commercial interest in any device or equipment discussed. Dr Munnerlyn is 
Chik: Executive Officer of VISX Inc, Sunnyvale, Calif. 
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protective effect of aspirin against cataract was particu- 
-dariy exciting. In our own work we found an entire group of 
nonaarcotic anaigesics, principally aspirin (acetylsalicylic 

ec] Ji and acetaminophen (paracetamol; 
‘yl-eaminophenol) associated with protection 

; cataract: 23 The results of Mohan et al indicate that 
eot aspirin protects (one or more tablets per month), 
‘we found in Oxford, England (any dose at any time; 
, M.. Egerton, and R. S. Harding, unpublished data, 
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1988). Furthermore, we showed that even the lowest quar: 
tile of doses of aspirin and acetaminophen were associated 
with the protective effect (67% and 43% protection, respec- 
tively). The upper limits of these quartiles were equivalent 
to taking one tablet a day of either deug for less than 18 
months. : 

Finding the protective effect associated with aspirin like 
drugs on three continents strengthens tre notion that these 
drugs themselves protect. In addition, there is biochemical. 
evidence showing that aspirin protects lens. proteins 
against chemical attack by cyanate, sugars, and predniso- 
lone, and that ibuprofen protects against cyanate and sug- 
ars. Consequently, it becomes more convincing that aspirin, 
acetaminophen, and ibuprofen protect. against cataract, al- 
though this should be tested by properk conducted clinical 


trials. n 












One puzzling point in the article by Mohan et 
considerable emphasis given to the need to inve 
epidemiologic associations of speciñe morpholog ) 
of cataract. Most different types of eataract are highly cor- 
related with each other.’ Furthermcre, most cataracts have 
opacity in more than one region of the lens. Even in he 
study by Mohan et al where “ pure nuclear,” “pure cortical,” 
and “pure posterior subcapsular” cataracts were prefere n- 
tially selected for inclusion in the study, more than 60% of 7 
the cataracts were “mixed.” All the risk factors and prote : 
tive factors they reported were found i in more than one we! pe 


















group. ; 
Some problems with dividing the cataracts to > sab- 


classes are seen in their study; in particular, the loss of 
numbers and therefore the power of the study. Mohan et al 
pointed out that with more than 200 patients in each pure. 
morphologic group, factors with a 15% prevalence in the 
controls that were associated with a doxbling of risk should. 
have been detectable (P = .8). However: almost all risk fac- 
tors previously identified for cataract have had odds ratios 
less than 2 and/or control prevalences less than 15%. 
Including all 1441 cataract cases gives = much more power- 
ful study. | 
This is not to take the opposing viewthat only studies of 
unselected cataracts are useful. Both types of study are 
needed. Calculations of attributable risk show that we are 
far from accounting for all cataracts, and there are ù 
known risk factors to be identified. a 
Finally, as many other ocular conditions are directl: or 
indirectly associated with cataract, it would have been uge- 
ful to have a breakdown of diagnoses fer the control popu- 
lation recruited from the same ophthalmology clinic i in i 
Delhi, India. | 














dod: HARDING, TE i 
Oxford, Englanc : 
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In Reply.—Various observational studies have produced 
conflicting evidence about the role of aspirin in slowing 
cataract formation. Our study did show a protective effect 
for aspirin, but only for the posterior subcapsular and 
mixed types of cataract. Whether the finding for the mixed 
types could be attributed to the posterior subcapsular 
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opacities included in the mixed-case group could not be de- 
termined. 

Drs van Heyningen and Harding found no statistically 
significant difference in aspirin consumption between eat- 
aract cases and controls in the published studies they cited, 
but they did report a protective effect for a pooled group of 
“aspirin like” analgesics. Criteria for inclusion in this greup 
of analgesics have not been specified, and, as the authors 
indicated in their report, a mechanism for the protective 
effect for this diverse group of compounds is not immedi- 
ately obvious. Two randomized trials among healthy male 
physicians, designed primarily to evaluate the role of aspi- 
rin therapy in reducing cardiovascular mortality, repor-ed 
no apparent reduction in the incidence of cataract in the 
aspirin-treated group.’ In light of the contradictory evi- 
dence produced to date, we remain uncertain about whether 
aspirin usage protects against cataract formation. 

We are pleased that Dr Harding sees a need for epidemi- 
ologic studies of specific morphological types as well as the 
studies that he apparently prefers in which all cataract 
types are grouped together. We chose to investigate specfic 
types for the following reasons: (1) differences in the ana- 
tomic, biochemical, and biophysical properties of the vari- 
ous cataract types suggest that lumping all types together 
might result in the formation of a heterogeneous case 
group; (2) previous studies by us’ and others‘ have already 
noted different associations for the various cataract types; 
and (3) an analysis of our study’s data indicated that we 
should not lump all cataracts into a single case group. As 
stated in our results and seen in Table 4 of our report, ‘he 
dichotomy “cataract vs no cataract” was not an acceptable 
simplification of our analytic model, indicating that there 
were differences between at least some of the cataract types. 
In fact, for three of the seven associations reported in eur 
final model, associations for one “pure” type of cataract 
were significantly different than for the other two types of 
pure cataract. Interpretation of the results for the mixed 
types is difficult because of uncertainty about whether the 
findings result from the contribution of one of the specific 
types. By planning a study of specific cataract types, one ean 
not only explore the cataract vs no cataract relationship, 
but also the potentially richer contrast between cataract 
types. 

The observation that opacities often occur in combination 
provides scant evidence that the opacities share common 
etiologies. In the case of lens opacities, the high prevalence 
of each of the various opacities in elderly populations could 
explain the correlation between morphological types. 

Nearly all of our control patients were seen because of 
decreased vision due to refractive error. 

MADAN MOHAN, MD 
New Delhi, India 


ROBERT D. SPERDUTO, MD 
Bethesda, Md 
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Anterior Chamber Crystals Following Hyphema 
To the Editor.—Elevated intraocular pressure, corneal 


staining, and formation of synechiae are well-recognizd 
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Slit-lamp photomicrograph of the left eye at the time of presen- 
tation. Multiple yellow, refractile, and flat crystals are noted in the 
anterior chamber. 


sequelae of hemorrhage into the anterior chamber. We de- 
scribe a patient who developed cholesterol crystals in the 
anterior chamber following resolution of a traumatic hy- 
phema. Although cholesterol crystals have been observed in 
the vitreous cavity following hemorrhage and in the ante- 
rior chamber and vitreous cavity in phthisical and chroni- 
cally inflamed eyes,' to our knowledge, they have not been 
previously reported following bleeding into the anterior 
chamber. 


Report of a Case.—A 14-year-old boy was referred by his 
ophthalmologist 2 weeks after resolution of a crescent-shaped hy- 
phema in the left eye. This resulted from a blunt trauma sustained 
while playing with a friend. The past ocular history was significant 
for a congenital anterior cataract and an optic nerve coloboma in 
the left eye. The patient suffered from amblyopia in the left eye; this 
was first noted at the age of 3 years and was unsuccessfully treated 
with patching. 

The hyphema was managed conservatively with an eye patch, 1% 
atropine sulfate (four times per day), and bed rest, and it resolved 
5 days after onset. At that time, fluffy whitish material was 
observed inferiorly in the anterior chamber, along with a plasmoid 
reaction and refractile crystals in the aqueous. These persisted de- 
spite the use of hourly 1% prednisolone acetate; they had not been 
present when the patient had his last eye examination prior to the 
trauma. 

On examination by us, the right eye was normal. Vision in the left 
eye was light perception, and the intraocular pressure was less than 
10 mm Hg. Multiple freely movable, yellow, highly refractile, flat 
crystals were noted in the anterior chamber (Figure). The lens was 
clear except for a central anterior cataract. There was no evidence 
of lens dislocation or subluxation. Funduscopic examination re- 
vealed a clear vitreous cavity. No crystals were seen. A localized 
retinal detachment was noted. The patient and family declined 
surgical intervention and the crystals persisted 3 months later. 


Comment.—The findings in our patient are typical of 
cholesterol crystals in the eye.' The crystals did not appear 
to have originated in the vitreous since fundoscopic exam- 
ination failed to disclose the presence of vitreous crystals. 
In addition, the lens was not subluxated. Zauberman and 
Livni’ successfully induced deposition of cholesterol in dif- 
ferent ocular tissues, including the vitreous in rabbits fed 
diets rich in cholesterol. This could be amplified by modu- 
lating the blood flow to and from the eyes. Andrews et al? 
found low but significant levels of cholesterol in the aque- 
ous humor of a normal eye and postulated that the presence 
of a carrier protein is responsible for cholesterol solubility 
in normal eyes. It is possible that interference with normal 
blood flow to the anterior segment and influx of cholesterol 
into the aqueous from the circulation overloaded the capa- 
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‘the aqueous to ain chélestorgl't ina soluble 
uleng in. erystal formation i in our patient. 

Ramzi HEMADY, MD 

C. STEPHEN FOSTER, MD 
Boston, Mass 
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Cryotherap7 for Stage 3+ Retinopathy of Prematurity 


To the Editcr.—-We read with interest the article by Greven 

nd Tasmar’ that appeared in the July 1989 issue of the 
ves. The authors hypothesize as to the cause for ret- 
saks and rhegmatogenous retinal detachments that 


al m Er sa 3+ retinopathy of prematurity (ROP). They 
ugi ggas sk se n arm chorioretinal adhesion created by the 





























l ae sems to be a more likely mechanism. 
Serene re nal freezing due to excessively cold tempera- 
tures ai the eryoprobe tip can cause retinal necrosis with 
itrepus condensation and subsequent tear formation. The 

ye" tear- epa bel by Greven and Tasman, at the j junc- 


a nt’ its yi yin ad: sits, iollowine excessive cryotherapy. ? There is 
ntion Sen oe cryoprobe temperature used in this arti- 





ar zene oe nee proliferative ROP.‘ Thirty-one 
hese: eyes had stage 3+ ROP and 180° to 360° of prereti- 
5 nal reovasczlarization. Twenty-eight underwent complete 
regression ef the neovascularization within 2 weeks, and 
© othe-s requred additional cryotherapy to achieve complete 
> regression. #ight of these 31 eyes developed traction retinal 
detachment: without retinal breaks, 2 to 6 weeks following 
cryo-herapy, due to ongoing vitreous traction on the re- 
presses: new vessels. Five of these were successfully reat- 
ache ral buckling surgery with a follow-up of 16 
oar sheets acai: 55 months). Three could not be perma- 
- nen ży reatvached. 
Ta tkis axd our previously published series in 1985, all 
‘ pide herapr was done using a thin retinal cryoprobe pre- 
ei sels £ i y tas eae at its tip. The temperatures used i in the 








avere pm aca those used to treat adult eae ap- 
|. pros atel —85°C. At this temperature, because of the 
A extremely tzin selera and choroid in these premature eyes, 
`. severe pverzreatment can occur with even brief applica- 
_ tiong, resul ing in retinal necrosis, vitreous condensation, 
and Subsequent retinal tear formation. We have not seen 
É this pletion! in any of our patients using our treatment 
protoce! with extensive follow-up of 21 to 75 months (mean, 
xit A -Neither of our studies were included i in the ref- 










hen nulbicenter trial: 
yal results from our current series of 50 eyes 
‘its cryotherapy for stage 3+ ROP are equally 
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(83% ) of the 12 eyes s that did not dgvelop traction retina : 
detachment maintained a visual acuity of 20/30 to 20/60. In- 
the four eyes that did develop traction retinal detachment, 
visual acuities ranged between 20/60 te 20/200 in 3 eyes, 
while the fourth was amblyopic but able to. fixate on a small 
toy. > 
Thus, while our studies did not use random leon and- 
did not withhold beneficial treatment frem a control group, 
the indications for therapy were comparable with those: 
later selected in the multicenter trial, and similar conclu- 
sions were eventually reached by the multicenter trial 
study. T 
Attention to using that probe temperature which pro- 
duces the mildest retinal freezing may well prevent or di- 
minish the incidence of some of the ether complications rés. 
ported by the multicenter trial and Greven and Tasman. 
Long-term anatomic and visual acuity follow-up of pre- 
mature infants who have received cryotherapy for advance 
stage 3+ ROP is available and, while net the substance of | 
a randomized study, still provides valuable and already ac- 
cessible data to support the careful use of cryotherap h 
experienced surgeons in this select subgroup of prema 
infants. 
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In Reply.—We welcome the opportunity to respond to the 
points raised by Drs Topilow and Ackerman. They are 
ical of our hypothesis that firm chorioretinal adhesion fro 
the cryotherapy may predispose to retinal break for | 
as the eye grows, and that we did nct rule out the possib 
ity of vitreous traction as the cause of the retinal breaks. 
more careful reading of our article would have revealed 
fact that we did state the following: “Although there was no 
obvious traction present, vitreous and preretinal me) 
branes as causative factors in retinal break formation 
not be ruled out.” We might add that there is no more 
idence, and in our opinion perhaps even less, to suppor 
idea as a mechanism of retinal break formation. — 
Drs Topilow and Ackerman refer to their resuits 
eyes of 20 “severely premature” infants, 31 of which had — 
stage 3+ ROP and 180° to 360° of preretinal neovascular- 
ization, and the fact that we did not eite this article and one _ 
other. We assume that by “preretiral neovascularization” 
Drs Topilow and Ackerman are interchanging that term _ 
with the more correct designation of extraretinal fibrovas- 
cular proliferation. According to Drs Topilow and Acker- 
man, 8 of their patients’ eyes developed traction retinal de- © 
tachments without retinal breaks 2 te 6 weeks following. 
cryotherapy due to ongoing vitreous traction. ‘Our study 
deals with rhegmatogenous retinal detachment ] to 4 years 
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peripheral fonet, as described by Macheme:,' a 







clan adults led to “severe overtreatment,” cau sing 
necrosis, and that they have not seen this comp/ica- 
eir series (incidentally, only two of the three cases 
orted were treated by our group). Cited is a section 
t Schepens’ book, Retinal Detachment and Allied Dis- 
28, which discusses “intense surface diathermy app cca- 
sor efreezing” that may cause localized necrosis of the 
th formation of irregular breaks. They then gə on 
shat at —85°C subsequent retinal tears are more 
ccur than at —65°C, a completely unsubstantisted 
t. What is important is the care with which eryo- 
; applied irrespective of the probe tip temperatare. 
ides avoidance of intense freezing and refreez:ng. 
the way, aware of any retinal surgeons who 
cryoprobe temperatures. 
conclude their letter by presenting primarily 
from their own series, which of course has 
with our report. 



































CRAIG GREVEN, MD 
WILLIAM TASMAN, MD 
Philadelphia, Pa 


scription and pathogenesis of late stages of ROP. Əph- 
009-1004 


d of Fluorescein Angioscopy 


he technique of fluorescein angioscopy as 
yhthalmologists to supplement ophthalmos- 
gnosis of retinal diseases.'? The usual tech- 
of the intravenous injection of fluorescein 
ng placement of a cobalt blue filter over she 
ource of the indirect ophthalmoscope. The 
es the fluorescein, which and this is ther vi- 











gression t i “nose cystoid macular od 
o ifera ve tiseue: one to are ae 
la pro, if ation along the ridge | chat 


ronperfusion of the 


-retina, and to view lesions of the peripheral fundus when 
fluorescein angiography cannot provide adequate visualiza- 


tion. In patients with opacities in the media (eg, cataract or 
vitreous hemorrhage) that make fluorescein angiography 
impossible, fluorescein angioscopy may stil! allow localiza- 
tion of leaking lesions, such as neovascularization. This is 
particularly helpful for peripheral retinal lesions, and may 
allow treatment such as transscleral cryotherapy. - 

The technique described above, of using a blue excitor 
filter and no barrier filter, provides a relatively poor view of _ 


the fundus because of the large amount of blue light _ 
reflected back to the observer. If a Z6 excitor filter is placed. 
over the illumination source and Z7 barrier filters are 
placed over the oculars (both are available from Spectro- 
tech, Lincoln, Mass, as SE40 and SB50 filters), an improved a 
view of the fundus is obtained.’ The barrier filter removes. ` 


almost all the reflected blue light (and other reflected light), 

and allows only the green energy generated by fluorescing 

dye to return to the observer’s eyes. This gives an excellent. 

view of the retina during angioscopy; we have found this - 

technique to be superior to the older technique. ee 

Fluorescein angioscopy has not been extensively used by = 

retinal specialists and other ophthalmologists because P 

the relatively poor fundus visualization. With the proper a 
filters, however, the technique is of great value. 

Lee M. Jampol, MD | 

Chicago, Ill a 

MORTON F. GOLDBER 

Baltimore, Md Z 










The excitor and barrier filters for the indirect ophthalmoscope are avail- 
able from the Mentor Co, Norwell, Mass, for the Mentor ophthalmoscope. The 
authors have no financial or other interests in these filters or in Mentor Co. 


1. Wilson RS. Fluorescein angioscopy: techniques of partial fluorescence, 
permanent drawing record and photocoagulation. Ann Ophthalmol. 
1976;12:1478-1482. 

2. Gass JDM, Sever RJ, Sparks P, Goren J. A combined technique of fu- 
orescein funduscopy and angiography of the eye. Arch Ophthalmol. 1967; | 
78:455-461. 

3. Delori F, Ben-Sira I, Trempe C. Fluorescein angiography with an opti- 
mized filter combination. Am J Ophthalmol. 1976;82:559-566. 3 
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: : JA familiar 
CMY pathogen, 
a growing threat. 


| Cytomegalovirus (CMV), 

present in over half the 

-~ | adult population, is a 
benign pathogen in the 





-| immunocompetent indi- 


vidual but is a major 


‘| cause of morbidity and © 


| death i in immunocom- 
af promised patients such 
| as those with AIDS: 





| Treats CMV retinitis 
| 1n immunocompro- 


mised individuals, 
including patients 
with AIDS. 
Open-label trials of 


| Cytovene have shown - 
-virologie and clinical 

| improvement in patients 

with severe cytomegalo-. 

| virus retinitis” — 


 CYTOVENE 


(GANCICLOVIR SODIUM! 





Clinical Improvement 





Active CMV retinitis involving the optic 
nerve one retina of an AIDS patient. ` 





‘Marked resolution of lesions in the 
same retinal fundus after 4 weeks 
of Cytovene pir be 


CYTOWENE' 


POWDEF 


NCICLOVIR SODIUM 


FOUIVAL BO we GAN 





-| Cvtovene: 


E Suppresses epeeaion 
of CMV. 
-| @ Produces favorable 
| clinical responses—in 41 
| patents with AIDS and 
CMV retinitis, treatment 
with Cytovene resulted in 
a sgnificant delay in 
median time to first pro- 
gression vs. controls (71 
davs from diagnosis vs. 
_ | 29 days from diagnosis): ** 


Patient Selection: 


Because of the frequent 
oceurrence of hematologic 
acverse events, including _ 
grenulocytopeniain 
approximately 40% of 


|. Feecher CV, BalfourHH Jr: Evaluation of 
gamcictovir for cytomegalovirus disease. DICP 
1%89;23:5-12. 


2. Govene prescribing information. 


*Imerovement or stabilization of documented 
ONV retinitis. 


+**A sigh percemtage oí patients will experience a 
relapse of CMV retinitis upon discontinuation of 
‘  Gyeovene therapy. Maintenance treatment with 
Cyseovene has been shown to significantly prolong 
trae to relapse. 


Please-see last page of this advertisement for brief 
. Sammary of prescribing information. 


@ 1989 Syntex Laboratories, Inc. 





patients and thrombocy- 
topenia in approximately 
20%, as well as gonadal 
toxicity, carcinogenicity 
and mutagenic effects 
séen in animals, Cytovene 


-1s recommended for use 


only in immunocompro- 
mised patients with CMV 
retinitis where the poten- 


tial benefits of therapy 
_| outweigh the risks: 


Patients are advised to | 


have frequent hemato- 


logic and ophthalmologic 


examinations: Cytovene 
is not indicated for con- 


genital or neonatal CMV 
disease, and should not | 


be used in pregnant or 
| nursing women. 


Please see brief 


summary of prescribing 


information on the fol- 
lowing page. Se LAE ps 


= CYTO 


Early Diagnosis: 

With effective therapy — 
now available, regular 
screening for CMV reti- | 

nitis is recommended. — 
For IV Infusion Only: 
Cytovene is available in 
vials containing 546 mg 
ganciclovir sodium, 


equivalent to 500 mg 
ganciclovir. | 


For Additional 

Information 

1-800-444-4200 ` 
bi 


SYNTEX LABORATORIES, INC. 
PALO ALTO CA 94304 
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- (GANCICLOVIR SODIUM) 


GANCICLOVIR 





STERILE POWDER EQUIVALENT TO 500 mG 


‘CYTOVENE 


(GANCICLOVIR SODIUM) 


STERILE POWDER EQUIVALENT TO 500 mc GANCICLOVIR 





FOR INTRAVENOUS INFUSION ONLY 


BRIEF SUMMARY OF PRESCRIBING INFORMATION (See Package Insert for full prescribing information) 


THE CLINICAL TOXICITY OF CYTOVENE INCLUDES GRANULOCYTOPENIA AND THROMBOCYTOPENIA. IN 
ANIMAL STUDIES CYTOVENE WAS CARCINOGENIC, TERATOGENIC, AND CAUSED ASPERMATOGENESIS. 


CYTOVENE IS INDICATED FOR USE ONLY IN IMMUNOCOMPROMISED PATIENTS WITH CYTOMEGABOVIRUS 
[ (CMV) RETINITIS. 


INDICATIONS AND USAGE CYTOVENE® (ganciclovir sodium) Sterile Powder is indicated for the treatment of 
CMV retinitis in immunocompromised individuals, including patients with acquired yin ali 
(AIDS). SAFETY AND EFFICACY OF CYTOVENE HAVE NOT BEEN ESTABLISHED FOR CONGENITAL OR NEONATAL 
V DISEASE; NOR FOR TREATMENT OF OTHER CMV INFECTIONS (E.G., PNEUMONITIS, COLITIS):-NOR FOR 
USE IN NON-IMMUNOCOMPROMISED INDIVIDUALS. 
The diagnosis of CMV retinitis is ophthalmologic and should be made by indirect ophthalmoscopy. 


CONTRAINDICATIONS CYTOVENE is contraindicated in patients with hypersensitivity to ganciclovir or acyclovir. 


WARNINGS ng 40% of 522 immunocompromised patients with serious CMV infections who received 
intravenous CYTOVENE developed granulocytopenia (neutropenia, i.e., neutrophil count less than 1000 cells/ 
mm3). CYTOVENE should, therefore, be used with caution in patients with pre-existing cyt 

istory of cytopenic reactions to other drugs, chemicals or irradiation. Granulocytopenia usually occurs during 
the first or second week of treatment, but may occur at any time during treatment. Cell counts usually begin to 
recover within 3 to 7 ye of discontinuing drug. CYTOVENE should not be administered if the-absolute 
neutrophil count is less than 500 cells/mm: or the platelet count is less than 25,000/mms3. 

Thrombocytopenia (platelet count <50,000/mm3) was observed in approximately 20% of the same 522 

tients treated with CYTOVENE. Patients with iatrogenic immunosuppression were more likely to develop 
hrom nia than patients with AIDS (46% vs. 14% of cases). 

Animal data indicate that administration of CYTOVENE causes inhibition of spermatogenesis and sudsequent 
infertility. These effects were reversible at lower doses and irreversible at higher doses (See Carcinogenesis, 
Mutagenesis, Impairment of Fertility section in PRECAUTIONS). Although data in humans have not been 
obtained regarding this effect, it is considered probable that intravenous CYTOVENE at the recommended 
doses causes temporary or permanent inhibition of spermatogenesis. Animal data also indicate that sup- 
pression of fertility in females may occur. 

Because of the mutagenic potential of CYTOVENE, women of childbearing potential should be advised to use 
effective contraception during treatment. Similarly, male patients should be advised to practice barrier contra- 
ception during and for at least 90 days following treatment with CYTOVENE. 





nias, or with a 


General 1 clinical studies with CYTOVENE, the maximum single dose administered was 6 mg/kg by intravenous 
infusion over one hour. It is likely that larger doses, or more rapid infusions, would result in increased toxicity. 

Administration of CYTOVENE by intravenous infusion should be accompanied by adequate hydration, since 

E is prea by the kidneys and normal clearance pe on adequate renal function. IF RENAL 
IS IMPAIRED, DOSAGE ADJUSTMENTS ARE REQUIRED. Such adjustments should be based on 
measured or estimated creatinine clearance (see DOSAGE AND ADMINISTRATION). 

Initially reconstituted CYTOVENE solutions have a high pH (range 9 to 11). Despite further dilution in 
intravenous fluids, phlebitis A oy may occur at the site of intravenous infusion. Care must betaken to 
infuse solutions containing CYTOVENE only into veins with adequate blood flow to permit rapid dilution and 
distribution (see DOSAGE AND ADMINISTRATION). 


kaboratory mg) Due to the frequency of granulocytopenia and thrombocytopenia in patients receiving 
ADVERSE REACTIONS), it is recommended that neutrophil counts and platelet counts be 
performed every two days during BID dosing of CYTOVENE and at least weekly thereafter. Neutrophi! counts 
should be monitored daily in patients in whom CYTOVENE or other nucleoside analogues have previouslyresulted 
in leukopenia, or in whom neutrophil counts are less than 1000 cells/mm3 at the beginning of treatment. Because 
dosing must be modified in patients with renal impairment, patients should have serum creatinine or creatinine 
Clearance monitored at least once every two weeks. 


Drug Interactions It is possible that probenecid, as well as other drugs that inhibit renal tubular secretion or 
moogen, may reduce renal clearance of CYTOVENE. It is also possible that drugs that inhibit replication of 
rapidly dividing cell populations such as bone marrow, spermatogonia, and germinal a of skin and gastroin- 
testinal mucosa may have additive toxicity when administered concomitantly with CYTOVENE. Therefore, drugs 
such as dapsone, pentamidine, flucytosine, vincristine, vinblastine, doxorubicin, amphotericin B, trimetnoprim/ 
Sulfa combinations or other nucleoside analogues, should be considered for concomitant use with CYTOVENE 
only if the potential benefits are judged to outweigh the risks. ; 
tients with AIDS may be receiving, or have received, treatment with zidovudine (Retrovir). Because both 
zidovudine and CYTOVENE can cause granulocytopenia, it is recommended that these two drugs not ve given 
concomitantly. Data from a small number of patients indicate that treatment with ganciclovir plus zidovudine at 
recommended doses is not tolerated. 
Generalized seizures have been reported in six patients who recieved CYTOVENE and imipenem-cilastatin. 
These drugs should not be used concomitantly with CYTOVENE unless the potential benefits outweigh the risks. 


Carcinogenesis, Mutagenesis, Impairment of Fertility The carcinogenic potential of ganciclovir is currently under 
evaluation in an 18-month bioassay in mice. In mice given daily oral doses of 1000 mg/kg, interim findings 
revealed an increased incidence of tumors in the preputial gland of males, nonglandular mucosa of the stomach 
of males and females, and ovary, vagina, and liver of females. A slightly increased incidence of tumors accurred 
in the preputia! gland (males) and en mucosa (males and females) of the stomach in mice given daily 
oral doses of 20 mg/kg. The preputial gland and nonglandular mucosa of the stomach of mice do not have human 
cou rts. Therefore, CYTOVENE should be considered a potential carcinogen in humans. 

Ganciclovir caused point mutations and chromosomal damage in mammalian cells in vitro and in vive. 

Ganciclovir caused decreased mating behavior, decreased fertility, and increased embryolethality in female 
mice at doses approximately <a to the recommended human dose (calculated on the basis of body 
surface area). Ganciclovir caused decreased fertility in male mice and hypospermatogenesis in rats andidogs at 
doses equivalent to or less than the recommended human dose. 


Pregnancy: Category C CYTOVENE has been shown to be teratogenic in rabbits and embryotoxic in mice when 
given in doses approximately equivalent to the recommended human dose (calculated on the basis of body 
Surface area). The adverse effects observed in mice were maternal/fetal toxicity and embryolethality. Invrabbits, 
the effects were: fetal growth retardation, embryolethality, teratogenicity, and/or maternal toxicity. Teratogenic 
tg i Sai palate, anophthalmia/microphthalmia, aplastic organs (kidney and pancreas), hydroce- 
y, and brachygnathia. 

It is therefore expected that CYTOVENE may be teratogenic and/or embryotoxic at the dose levelserecom- 
mended for human use. There are no adequate and well-controlled studies in pregnant women. CYTOVENEshould 
be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers It is not known if CYTOVENE is excreted in human milk. Carcinogenicity and teratogenicity 
occurred in animals treated with ganciclovir. Because many drugs are excreted in human milk and because of the 
potential for serious adverse reactions from ganciclovir in nursing infants, mothers should be instructed to 
discontinue pe o are receiving CYTOVENE. Nursing should not be resumed until at least 72 hours after 
the last dose of VENE. i 

Daily intravenous doses of 90 mg/kg administered to female mice prior to mating, during gestation, anaduring 
lactation caused h sia of the testes and seminal vesicles in the month-old male offspring, as well as 
pathologic changes in the non-glandular region of the stomach. 


iatri THE USE OF CYTOVENE IN CHILDREN WARRANTS EXTREME CAUTION DUE TO THE PRGBABIL- 

Y OF TERM CARCINOGENICITY AND REPRODUCTIVE TOXICITY. ADMINISTRATION TO CHILDREN 
SHOULD BE UNDERTAKEN ONLY AFTER CAREFUL EVALUATION AND ONLY IF THE POTENTIAL BENEFITS OF 
tet eaten tat eet ae ERS treating cytomegalovirus retiniti ts under the.age of 
There very limited clinical experience in treating cytomegalovirus retinitis in patients under eo 

12 years. Two children (ages 9 and 5 years) showed improvement or stabilization of retintis for 23 and 9 months, 


respectively. These children received induction treatment with 2.5 mg/kg TID followed by maintenance 
with 6-6.5 mg/kg once per day, five to seven - per week. When retinitis progressed nahh once "y 
maintenance therapy, both children were treated with the 5 mg/kg BID regimen. Two other children (ages 2.5 ar 
years) who received similar induction regimens showed only partial or no response to treatment. Another child, 
a six year old with T-cell pease showed stabilization of retinitis for 3 months while receiving continuous 
infusions of CYTOVENE at of 2-5 mg/kg/24 hours. Continuous infusion treatment was discontinued due to 
granulocytopenia, Pharmacokinetic data have not been obtained in pad patients. ` - 
Adverse events reported in 120 immunocompromised children with serious CMV infections receiving ganciclo- 
vir were similar to those reported in adults. Granulocytopenia (17%) and thrombocytopenia (10%) were the most 
common adverse events reported. 


Use in Patients with Renal impairment CYTOVENE should be used with caution in patients with impaired renal 
function because the plasma half-life and peak plasma levels of CYTOVENE will be increased due to reduced renal 
clearance. (See DOSAGE AND ADMINISTRATION.) 

5 me from 4 patients indicate that CYTOVENE plasma levels are reduced approximately 50% following hemo- 

ialysis. 

Use in the Fldery No studies of the efficacy or safety of CYTOVENE in elderly patients have been conducted. 
Since elderly individuals frequently have reduced pomena filtration, particular attention should be fee to 
assessing renal function before and during CYTOVENE administration. (See DOSAGE AND ADMINISTRATION.) 


ADVERSE REACTIONS During clinical trials, CYTOVENE was withdrawn or interrupted in approximately 32% of 
patients because-of adverse events. In some instances treatment was restarted and the reappearance of adverse 
events again necessitated withdrawal or interruption. oe 

The most frequent adverse events seen in patients treated with CYTOVENE involved the hematopoietic system. 
Granulocytopenia (defined as an absolute neutrophil count less than 1000 cells/mm3) occurred in approximately 
40% and thrombocytopenia (defined as a platelet count below 50,000/mma) occurred in a ni eee 20% of 
the patients. In most cases, withdrawal of CYTOVENE resulted in increased neutrophil or platelet counts. _ 

While granulocytopenia was generally reversible with discontinuation of treatment, some oe ya experienced 
irreversible neutropenia or sepsis during neutropenic episodes. In an jar label study of 522 immunocompro- 
mised patients with sight-threatening or life-threatening CMV disease, 5 neutropenic patients died with severe 
bacterial or fungal infections. 

Adverse events other than granulocytopenia and thrombocytopenia were reported as “probably related,” 
“probably not related,” and “unknown” in relationship to CYTOVENE therapy. Evaluation of t reports was 
difficult because of the protean manifestations of the underlying disease, and because most patients received 
numerous concomitant medications. 

Other than leukopenia and thrombocytopenia, the most frequent adverse events observed in over 5000 
patients who rece:ved CYTOVENE were anemia, fever, rash, and abnormal liver function values, each of which was 
reported na fap 2 2% of treated patients. Adverse events that were thought to be possibly related to drug 


> 


and Occurred in 1% or fewer patients who received CYTOVENE were: 
se! as a Whole: chills, edema, infections, malaise 
Cardiovascular System: arrhythmia, hypertension, hypotension 


Central Nervous System: abnormal thoughts or dreams, ataxia, coma, confusion, dizziness, 
headache, nervousness, paresthesia, psychosis, somnolence, tremor. 


(Overall, neurologic system events occurred in 5% of patients.) 


Digestive System: nausea, vomiting, anorexia, diarrhea, hemorrhage, abdominal pain 
Hematologic System: eosinophilia 

Laboratory Abnormalities: decrease in blood glucose 

Respiratory System: nea 

Skin and Appendages: alopecia, pruritus, urticaria 

Special Senses: retinal detachment in patients with CMV retinitis 

Urogenital System: hematuria, increased serum creatinine, increased blood urea nitrogen (BUN) 
Injection Site: inflammation, pain, phlebitis 


OVERDOSAGE Overdosage with CYTOVENE has been reported in five patients. In three of these patients, no 
adverse events were observed after the overdosage. (The doses received were: 7 doses of 22 mg/kg over a 3-day 


period, 9 mg/kg BID for 3 days, and 2 doses of 500 mg given to a 21 month old child.) 
Neutropenia was reported following overdoses in two patients: one who had a history of bone marrow 
Suppression prior to treatment and who received CYTOVENE 5 mg/kg BID for 14 days fol by treatment with 


8 mg/kg given as single daily doses for 4 days, and one patient who received a single dose of 1675 
aaa 24 mg/kg). In both cases the neutropenia was reversible (17 days and 1 day, respectively), 
lowing discontinuation of CYTOVENE. 

Toxic manifestations observed in animals given very high single doses of CYTOVENE (500 mg/kg) included 
emesis, eens anorexia, bloody diarrhea, inactivity, cytopenia, elevated liver function test results, 
elevated blood urea nitrogen, testicular ged and death. 

Hemodialysis and Seo may be of benefit in reducing drug plasma levels in patients who receive an 
overdosage of CYTOVENE. 


DOSAGE AND ADMINISTRATION CAUTION-DO NOT ADMINISTER CYTOVEWE BY RAPID OR BOLUS INTRAVE- 
eee TION. THE TOXICITY OF CYTOVENE MAY BE INCREASED AS A RESULT OF EXCESSIVE PLASMA 


CAUTION—INTRAMUSCULAR OR SUBCUTANEOUS INJECTION OF RECONSTITUTED CYTOVENE MAY RESULT IN 
SEVERE TISSUE IRRITATION DUE TO HIGH PH (~ 11). 


Dosage THE RECOMMENDED DOSAGE, FREQUENCY, OR INFUSION RATES SHOULD NOT BE EXCEEDED. 


Induction Treatment The recommended initial dose of CYTOVENE for patients with normal renal function is 5 
mg/kg (given intravenously at a constant rate over 1 hour) every 12 hours for 14-21 days. 


Maintenance Treatment Following induction treatment the recommended dose of CYTOVENE is 5 mg/kg given as 
an intravenous infusion over one hour once per day on seven days each week, or 6 mg/kg once per day on five 
days each week. Patients who experience progression of retinitis while receiving maintenance therapy may be 
retreated with the BID regimen. 

Patients should have frequent hematologic monitoring throughout treatment. CYTOVENE should not be 
administered if the neutrophil count falls below 500 cells/mm: or the platelet court falls below 25,000/mm3. 


RENAL IMPAIRMENT For patients with impairment of renal function, refer to the table below for recommended 
doses during the induction phase of treatment, and adjust the dosing interval as indicated. 


Creatinine CYTOVENE Dosing 
Clearance” Dose Interval 
(mL/1.73m2/min) (mg/kg) (hours) 
=80 5.0 12 
50-79 2.5 12 
25-49 2.5 24 
<25 1.25 24 


* Creatinine clearance can be related to serum creatinine by the following formulae: 


ie _ (140 — agelyrs]) wt [kg]) 
Creatinine clearance for males = (72) (serum creatinine {mg/4L]) x 1.73/body surface [sq M] 


Creatinine clearance for females = 0.85 x male value 


DO NOT USE BACTERIOSTATIC WATER FOR INJECTION CONTAINING PARABENS. IT IS INCOMPATIBLE WITH 
CYTOVENE STERILE POWDER AND MAY CAUSE PRECIPITATION. 


HANDLING AND DISPOSAL Caution should be exercised in the handling and preparation of CYTOVENE solution. 
CYTOVENE solutions are alkaline (pH approximately 11). The use of latex gloves and safety glasses is recom- 
mended to avoid exposure in case of breakage of the vial or other accidental spillage. If the solution contacts the 
Skin or mucous membranes, wash thoroughly with soap and water; rinse eyes thoroughly with plain water. 
Since CYTOVENE has the potential to cause cancer, avoid exposure by inhalation or by direct contact of the 


skin or mucous membranes. 


HOW SUPPLIED CYTOVENE Sterile Powder is supplied in 10 mL sterile vials, each containing ganciclovir sodium 
equivalent to 500 mg of ganciclovir, in cartons of 25 (NDC 0033-2903-48). 


Store at room temperature. Avoid excessive heat, above 40°C (104°F). 
CAUTION: Federal law prohibits dispensing without prescription. 
U.S. Patent Nos. 4,355,032; 4,507,305 and others. 
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- Youcould populate New York, Chicago, 
A.and Houston with patients who ve 
received Miochol. 


acetylcholine chloride) Intraocular 


Twenty million patients—enough to fill four major urban centers. 
In each of those 20 million cases, an ophthalmic surgeon made a 
conscious decision to use Miochol. An impressive statistic, 
especially when you compare Miochol’s long history of safe use. 

Product history is part of what makes Miochol, Miochol. 
Because every day, we manufacture Miochol to meet stringent 
standards. Simply put, Miochol is the standard. 

That’s why ophthalmologists will continue to choose 
Miochol for the next 20 million patients. 


oil G Contact your IOLAB representative to order 
NHN Miochol at (714) 624-2020. 


— 


PHARMACEUTICALS 
a company 
= fohmronafohmon company 


500 lolab Drive, Claremont, CA 91711 (714) 624-2020 








indizations: To obtain complete miosis in seconds, by irrigation of the iris after delivery of the lens in cataract surgery, as well as penetrating keratoplasty, indectomy and other anterior segment susgery weere-rapid complete miosis may be 
reqmred. Contraindications:‘There are presently no known contraindications to the use of MIOCHOL (acetylcholine chloride) Intraocular. Warnings: If blister or paper backing is damaged or broken, stermity of the enclosed boitle cannot be 
assered Open under asepticconditions only. Precautions: in the reconstitution of the solution, as described under Directions for Using Univial, if the center rubber plug seal in the univial does nc: go dawn or is down, do not use the vial. If 
mics is tabe obtamed quickly and completely with MIOCHOL, obstructions to miosis, such as anterior or posterior synechiae, may require surgery prior to administration of MIOCHOL. In cataract surgery. use MIOCHOL only alter delivery of 


theens. Aqueous salutions okacetyicholine chloride are unstable. Prepare solution immediately before use. Discard any solution that has not been used. Adverse Reactions: Adverse reactions, which have been reported rarely, are indicative 
s=stemic absorption. These include bradycardia, hypotension, flushing, breathing difficulties and sweating. Caution: Federal law prohibits dispensing without prescription. How Supplied: 2 mi stesile uniwal NDC 0058-2757-45 
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with the speed and ease 
of cordless remote. 
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Our new ACP-6S and ACP-6R 
automated chart projectors are fast, 
versatile and convenient. They feature 
an infra-red remote system which 
controls all projector functions from 
anywhere within the examination 
room, providing you with total free- 
dom of movement. They also share 
the capability of instant masking, 
single-line or character isolation, 
high-intensity halogen illumination, 
an audible slide-change indicator, and 
fast advance/reverse selection of 30 
different charts. The APC-6R offers 
the additional benefits of random- 
access Chart selection at the touch of 
a button, plus programmable chart 
sequencing. 

Topcon’s new generation chart 
projectors put total performance and 
efficiency right where they belong- 

in the palm of your hand. Ask your 
authorized Topcon distributor for 
a demonstration. 


M 
The Topcon 


ACP-6S/ACP-6R 


-= Chart Projectors 


= TOPCON 


BRINGING THE FUTURE INTO FOCUS. 


Topcon Instrument Corporation of America 
65 West Century Road, Paramus, NJ 07652 (201) 261-9450. 
Western Regional Office: 


325 N. Wiget Lane, Walnut Creek, CA 94598 (415) 947-4800 © 1988 





Case Reports 


Acc&iental Formaldehyde 
Injection in Cosmetic 
Blepharoplasty 


Formaldehyde was accidentally in- 


jected into the eyelids of a woman un- 
dering blepharoplasty, causing se- 
vere lid damage that required multiple 
reconstructive surgical procedures. 


Re»ort of a Case.—A 59-year-old woman 
unde-went cosmetic blepharoplasty at a 
surgical center. A nurse in the operating 
room: mistakenly filled the syringes with 
formaldehyde from a pathologic specimen 
bottle that was on the operating table. The 
surgeon, believing that the solution was 
lidocaine hydrochleride, injected it subcu- 
taneously inte all feur eyelids. Apparently, 
he realized the mistake immediately after- 
wardbut proceeded with the blepharoplas- 
ty. 
I first examined the patient in October 
1985, 5 weeks postoperatively. Her eyelids 
and medial and lateral canthi were ex- 
tremely swollen, erythematous, excoriated, 
and mecrotic (Fig 1). She had difficulty in 
openmg her eyelids. Palpebral fissure 
widtks were 0 mm OD and 2 mm OS. Her 
visual acuity was 20/40 OU. 

I continued treatment with the topical 
and systemic antibiotics she was using and 
observed her for 8 months. When her con- 
ditiem stabilized, I proceeded with surgery. 
At that time, she had cicatricial entropions 
of alleyelids, ptosis of the right upper lid, 
and marked searring of the eyelids and lat- 
eral and medial canthi. The initial surgery 
consisted of sear excision, posterior auricu- 
lar scin grafts to both lower lids, medial 
and ‘ateral cantha! Z-plasty skin flap re- 
construction, lateral canthotomies and tar- 
sal strip procedures to both eyes, and 
Miiller’s muscie-conjunctival resection pto- 
sis procedure to the right upper eyelid.'? 
The »atient’s eyelids were markedly im- 
proved, but over the next 2 years she re- 
quired five additional surgical procedures. 
These included excision and revision of 
sears additional Z-plasty skin flap recon- 
struction of the medial and lateral canthi, 
recorstruction of the upper eyelid crease, 
and lateral canthotomies with reconstruc- 
tion ef the temporal upper and lower lids. 
At her last examination in February 1989, 
her visual acuity was 20/30 OD and 20/25 
OS, her palpebral fissure widths were 7mm 
OD and 9 mm OS, and her appearance was 
significantly improved (Fig 2). 
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Comment.—The injection of formal- 
dehyde into the eyelids is extremely 
unusual, and I know of only one other 
reported case.’ That report did not re- 
veal the cause of the accident but only 
provided reconstruction methods. 

In the present case, a nurse confused 
formaldehyde with lidocaine. The sur- 
geon proceeded with the cosmetic ble- 
pharoplasty even after realizing he 
had injected formaldehyde. One must 





a 
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question whether the dissection and 
excision of eyelid tissue injected with 
formaldehyde aggravated the pa- 
tient’s condition. One must also ques- 
tion whether some of the checks and 
balances used routinely in hospital op- 
erating rooms failed to occur at the 
surgical center where the original sur- 
gery was done. In many operating 
rooms, the circulating nurse must 
show the scrub nurse and surgeon each 
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Fig 1.—Patient with eyelid edema, scarring, and necrosis 5 weeks after accidental injection of 


formaldehyde into eyelids. 


Fig 2.—Same patient in Fig 1 after repeated surgical correction. 
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medication before placing it on the op- 
erating table. Also, formaldehyde for 
pathologic specimens is usually placed 
in areas of the operating room other 
than the operating table. 

With increased pressure to lower 
medical costs, more health care pro- 
viders may use shortcuts in medical 
care, which could decrease the quality 
of care. For example, when there is 
only one operating room nurse, speci- 
men bottles containing formaldehyde 
might be placed for convenience on the 
operating table rather than in safer 
areas. 

The case reported herein under- 
scores the importance of maintaining 
a system of checks and balances in all 
operating rooms to avoid such devas- 
tating accidents. 

ALLEN M. PUTTERMAN, MD 
Chicago, Ill 


1. Putterman AM. Basic oculoplastic surgery. 
In: Peyman G, Sanders D, Goldberg MD, eds. 
Principles and Practices of Ophthalmology. Phil- 
adelphia, Pa: WB Saunders Co; 1980:2262-2265, 
2309-2311. 

2. Neuhaus R, Baylis HI. Complications of 
lower eyelid blepharoplasty. In: Putterman AM, 
ed. Cosmetic Oculoplastic Surgery. New York, NY: 
Grune & Stratton; 1982:278-294. 

3. Smith BC, Nesi FA. Upper lid loss due to 
formalin injection: surgical reconstruction. Oph- 
thalmology. 1979;86:1951-1955. 


Use of a Soft-Tipped Extrusion 
Needle for Epimacular 
Membrane Peeling 


Various instruments have been advo- 
cated for surgical removal of epireti- 
nal membranes, including a hooked 
needle! or similar barbed instruments. 
Viscodelamination using a viscoelastic 
solution has been recommended for 
separating selected fibrovascular 
epiretinal membranes in severe dia- 
betic retinopathy.’ 

A small percentage of epiretinal 
membranes may be centered on the 
macula and have no easily identifiable 
edge to facilitate removal. We used the 
soft-tipped extrusion needle’ to suc- 
cessfully elevate the edge of the epi- 
macular membrane in two patients in 
whom conventional instrumentation 
was potentially hazardous. 


Report of Cases. —CASE 1.—A 64-year-old 
woman presented with a translucent epiret- 
inal membrane in the macula causing sec- 
ondary retinal distortion and reduction of 
visual acuity to 20/200 OS. Using a stan- 
dard three-port pars plana approach, the 
central formed vitreous was removed with 
a vitreous cutter. Because of marked ad- 
herence of the membrane to the retina 
without a well-defined edge, the use of a 
membrane pick was not possible. The soft 
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silicone tip of the cannulated extrusion 
needle was used with passive aspiration to 
gently brush and elevate an edge of the 
membrane, which was then removed with 
the vitreoretinal forceps. Visual acuity 6 
months postoperatively was 20/30 OS. 

CASE 2.—A 59-year-old man developed a 
macular pucker (Fig 1), reducing his visual 
acuity to 20/200 OS. A pars plana vitrec- 
tomy was performed and the edge of the 
translucent membrane was mobilized with 
the soft-tipped cannulated extrusion nee- 
dle. After an edge was clearly visible, the 
entire membrane was elevated with a vit- 
reoretinal pick and removed with the vit- 
rectomy instrument. The visual acuity 4 
months postoperatively was 20/80 OS 
(Fig 2). 


Comment.—An essential step in 
epiretinal membrane removal is locat- 
ing an edge that can be safely elevated. 
Some epiretinal membranes do not 
have an easily identifiable, edge or the 
edge may be markedly adherent to the 
underlying retina. The use of a hooked 
needle or similar barbed instrument 
has often been recommended to engage 
the membrane’s edge, but these rela- 
tively sharp, rigid instruments may 
increase the risk of creating a retinal 
break or retinal contusion. Likewise, 
introduction of viscoelastic solution 
between the membrane and the retina 
may be difficult or impossible. 





Fig 1.—Preoperative appearance of the macula showing distortion by translucent epiretinal mem- 


brane (case 2). 


Fig 2.—Postoperative appearance showing removal of translucent membrane, although persis- 
tent distortion of retinal vessels is present (case 2). 
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membrane p pick. This technique should 
be censidered in selected epimacular 
membrane removal cases, especially 
those with a poorly defined or adherent 
edg ioeated close to the fovea or in the 
api lomacuiar bundle. 

HARRY W. FLYNN, JR, MD 
Miami, Fla 


Roy D. BROD, MD 
Danville, Pa 





7 Thean ors kave no commercial or proprietary 
nterest ie thewannulated extrusion needle. 

Re int requests to Bascom Palmer Eye Insti- 
“PO Bax 018880, Miami, FL 38101 (Dr Flynn). 


L Mackemer R. A new concept for vitreous 
urgexy: teo-instrument techniques in pars plana 
itreezoms. Arca Ophthalmol. 1974;92:407-412. 
2. Noland hears CR. Viscodelamination at 





k disenin. FJ doh thalmol 1988:72:413-419. 

o 8yr HW. Davis JL, Lee WG, Parel JM. 

i Applications of a cannulated extrusion needle 

E during vEreoredinal microsurgery. Retina. 1988; 
ARA 


kerato: refractive surgical tech- 
yi 2s kave become more widely used, 
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a have also become more 
common. Endophthalmitis following 


radial keratotomy has been previously 
reported,’ but endophthalmitis follow- 
ing a Ruiz procedure (trapezoidal kera- 
totomy) has, to our knowledge, not 
been previously reported. We recently 
treated a case of endophthalmitis fol- 
lowing a Ruiz procedure. 


Report of a Case.—A 44-year-old man 
had been shot in the right eye at 12 years of 
age. He subsequently developed a dense 
eataract, right exotropia measuring 50 
prism diopters, and corneal astigmatism 
measuring 6.00 D. On May 31, 1988, he un- 
derwent an extracapsular cataract extrac- 
tion with posterior chamber lens. After a 
YAG capsulotomy on June 28, his visual 
acuity improved to 20/20 with correction, 
but with improved visual acuity the patient 
noted diplopia. 

On October 20, 1988, a medial rectus 
muscle resection and a lateral rectus mus- 
cle recession were done on the right eye im- 
mediately followed by a Ruiz procedure on 
the right eye. Two 2.5-mm tangential inci- 
sions were made at the borders of the opti- 
cal zone followed by four radial incisions 
from the optical zone to the limbus. At that 
time, it was noted that the inferotemporal 
radial incision had a small perforation, al- 
though the anterior chamber remained 
formed. A combination antibiotic/steroid 
ointment (Neodecadron) consisting of dex- 
amethasone sodium phosphate and neomy- 
cin sulfate was used at the termination of 
the procedure. 

When seen on October 21 and October 27, 
he was felt to be having a normal postoper- 
ative course with moderate conjunctival 
hyperemia. No cells were seen in the ante- 
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CORRECTION 


Incorrect Spelling of Book Author’s Name.—In the review by Neal Snebold, MD, of the 
book entitled Diseases of the Orbit: A Multidisciplinary Approach, published in the 


September 1989 issue of the ARCHIVES (1989;107:1285-1286), the book author’s name 
was spelled incorrectly. The author of the book should have been listed as Jack 
Rootman (not Jack Rotman). 
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-referral on October 28. his vision was cou 

































ing pain and photophila and b y the -nex 
nished. Or 


ing fingers. at 1 m, the conjunctiva was hy 
peremic and edemateus, and, while no cor 
neal infiltrates were present, keratic pre 
cipitates were present over the area of th 
inferotemporal radiai incision. He had 
i-mm hypopyon and gells in the vitreou 

The vitreous aspirate showed mo 
numbers of gram-positive- eocei indii 
ally and in small elumps. Culture of t 
reous aspirate St srt sate oC 


sulfate and cefazclin were give 
of the vitreous paracentesis: Oo 
with topical prednisolone ace 
cin, cefazolin, atropime su 
venous ceftriaxone sodium, 
markedly improved daring the next: 
and after 2 months, he regained a vis 
acuity of 20/25. 


Comment.—This case ustra es 
that endophthalmitis may be a com: 
plication of Ruiz procedures. 
diagnosis with early, aggressive, Ss] 
cific therapy resulzed in a favor 
outcome. 

RICHARD L. MANKA; MD 
Minneapolis, Minn 


THOMAS J. GAST, MD, PE 
Grand Forks, ND 





1. Gelender H, Flynm HW, Mandelba ir 
Bacterial endophthalmitis resulting fror 
keratotomy. Am J Ophtialmol. 1982; 93: cast 
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haptics 


O Haptic stability —PMMA memory provides improved centration* 


L Biological stability —all-PMMA material equals greater biocompatibility 


L Insertion stability— advanced laser- 
controlled technology combines 
polypropylene flexibility with PMMA 
quality and performance 


This SEM demonstrates the degra- 
*\" dation that can occur when a 
polypropylene limbal suture is 
placed in metabolically active tissue 
; (Reprinted with permission from 
a | the American Intra-Ocular Implant 
“© Society Journal. Drews RC: 
. sn fh es in the human eye. 


> “` Am Intra-Ocular Implant Soc ] 
Mo. ei) | 


"Data on file, Alcon Surgical, Inc., August 1988. 
© Copyright, Alcon Surgical, Inc., 1989 


Caution: Investigational device limited by federal 
(USA) law to investigational use. 
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Proven PMMA performance 
in multi-piece designs 
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Alcon Surgical, Inc., 6201 South Freeway, 
Fort Worth, TX 76134, Toll free 1-800-654-6243 
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For millions of patients who use a lubricant 
ophthalmic solution, something is still missing. 


Nighttime therapy. 


Signs and symptoms of dry eye can actually worsen after a night's sleep. Yet many 
patients with dry eye continue to endure itchy, scratchy, gritty eyes upon awakening, 
unaware of an ocular lubricant specifically formulated to relieve such symptoms— 
Refresh® P.M. Eye Lubricant. es Sennen 


Refresh P.M. is a 3.5 g petrolatum-based ointment that provides safe, MOISES 
comfortable protection throughout the night. Just like regular Refresh, Refresh 
Refresh P.M. is 100% preservative-free. And that eliminates the iatrogenic K@ 37} 
effects sometimes associated r Eye Lubricant 
with chronic use of preserved > , 
tear supplements. e eS a ll eroinin 

So if your patients are miss- R ° 
ing half of their dry eye therapy, Because care for dry eyes shouldn't 
tell them you found it. end just because the day does. 
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Nasaington, DC—At the request of Congress, the Office of 
Teckmology Assessment (OTA) is investigating evidence 
regarding the effectiveness and potential costs to Medicare 
of open angie glaucoma (OAG) screening in the elderly. 

Glaucoma affects an estimated 2% to 3% of the elderly 
pu aon and new cases arise in approximately 2 of every 


ef S for screening, lnomein. ophthalmoscopy, and 
r “none . anani been tested for accuracy in ev- 


E A a a many aner ad persons go for years 

< -witheut suffering loss of vision.”™ 

- In order fer OAG to be an appropriate disease for Medi- 

care Screening, it must meet OTA’s screening guidelines. 

- Sereenable diseases must 

oe ‘Fave a recognizable latent or early stage, during which 
Ts it the disease can be identified before symptoms 









e ai disability when initiated in the early 
©“ (asyraptomatic) stage than when begun in the later, symp- 
i tomacic stages of the disease; and 

>  @ Fave an CE TOPTA acceptable, and reasonably accu- 














zngin glaucoma, suggests targeting the a risk 
ip within: the Medicare population as a way of making 
_ OAG:screening cost-effective. He states that the elevated 
ce risk; group comprises blacks aged 65 to 70 years with a fam- 
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Investigating Glaucoma Screening for the Elderly o 










ily history of glaucoma and vasculer problems. — = 

The American Academy of Ophthalmology (AAO) r 
cently published a preferred practice pattern for primary 
OAG. They propose that targeting high-risk populations 
with low health care utilization, namely blacks and the el- 
derly, would make OAG screening more efficient and cost- 
effective. 
The AAO practice pattern also saggests that sereoning! 
can be made more effective by including an assessment of- 
optic nerve status (appearance of the optic nerve and ni 
fiber layer and tests of the visual fielc). “For the near futu 
population screening will rely solely on the measuremer 
IOP, which probably provides reasonable efficiency ; 
high-risk populations. IOP, appearance of the 0} 
and status of the visual field provid2 complin 
. These three parameters can be combined 
(as indicated) in the Comprehensive Adult Eye 
which may constitute the single mos: importar 
diagnostic setting for identifying POAG ...1 
tine comprehensive examination may be the mos 
and cost-effective approach to detection and diagnos’ 
given the existing state of clinical science.” 
Power believes that prolonged clinica: resaach 
treatment is crucial in evaluating the effectiv: 
rent treatment technologies and prctocels ant 
ing better ones. “At present, however, the 
evidence on the effectiveness of treatment, cor 
the unknown accuracy of screening tests, makes wi 
screening of the elderly a very uncertain, and proba 
costly, endeavor.” , 
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Eaited by Daniel M. Albert, MD 


Amaurosis Fugax, edited by Eugene 

. Bernstein, 310 pp, with 87 illus, New 
York, NY, Springer-Verlag NY Inc, 1988, 
$75. 


_ This book represents the collabora- 
tive effort of 35 specialists who have an 
terest in the syndrome of transient 
onocular blindness. Special atten- 
-is given to the pathophysiology, 
agnostic testing, natural history, 
therapy of this disease. This broad 
proach has the benefit of providing 
formation on a wider scope than the 
itle would suggest. This is certainly 
one of the strengths of this book. 








ie major disadvantage is the 
ick of a comprehensive perspec- 
wi » 





For instance, the three chapters 
ritten by Hayreh deal with the arte- 
al anatomy of the eye, acute ischemia 
of the optic nerve, and venous stasis 
retinopathy. Each of these chapters is 
well written, and the reader emerges 
th a better perspective on the over- 

l problem of vascular diseases of the 
‘he chapter on non-invasive diag- 

of carotid vascular disease is also 
luable. The downside of the ap- 
oach, inherent in many texts that 
clude numerous authors, is the vari- 
able quality of the writing. Despite 
this limitation, the material is up- 
to-date and the bibliographies are use- 





The natural history of the athero- 
lerotic form of amaurosis fugax is 
not known. This fundamental question 
remains unanswered because of the 
lack of a prospective, randomized, con- 
trolled study. Ross Russell addressed 
iis issue in a well-written chapter 
at ineludes work he has published. 
1 understanding of the value and 
tations of currently available sta- 
ties is a prerequisite to formulating 
1erapeutic strategy. Chapters by 
no and Nicolaides are useful ad- 
nets to this discussion. 
Wray emphasizes the heterogeneous 
ture of patients with ocular vascular 
ase. This concept is valuable since 
ailure to segregate patients based 
athophysiologic mechanisms lim- 
e conclusion of many studies on 
is subject. Harrison's chapter on 
\iography in patients with amauro- 
s fugax also deserves special note. - 








- Therapy is the. most relevant need of A 
the practicing clinician, The contribu- 


tion of Fields and Lemak stresses the 
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aspirin trials in the United States and 
includes a discussion that relates these 
findings with those of studies con- 
ducted in Canada and Europe. The 
chapter on surgical therapy by Con- 
nelly et alis, unfortunately, more of an 
account of their personal results 
rather than a critical discussion of the 
surgical literature. However, a chapter 
by Fode and Sundt summarizes data 
from 46 institutions in the United 
States. 

The most disappointing aspect of 
this book is the consensus statement of 
the Amaurosis Fugax Study Group. In 
short, the consensus statement is ane- 
mic. It does not provide an in-depth 
review of the most important issues, 
and it lacks the specifie clinical guide- 
lines that practicing physicians des- 
perately need. The group did not un- 
dertake the number crunching that is 
necessary to determine the best esti- 
mate of the risk-to-benefit ratio for 
carotid endarterectomy. There are a 
couple of sources for this information 
in the recent literature; one would ex- 
pect information of this type to be in- 
cluded. 

I believe the value of Amaurosis 
Fugaz is limited for the general 
reader. The book is useful as an over- 
view of amaurosis fugax and as a 
springboard for exploring the litera- 
ture. It has potential value for the 
neurologist, ophthalmologist, and in- 
ternist who have a particular interest 
in amaurosis. The major disadvantage 
is the lack of a comprehensive perspec- 
tive that should have been provided by 
the consensus statement of this distin- 
guished panel. 

JOSEPH Rizzo, MD 
Boston, Mass 


Progress in Clinical and Biological 
Research, Volume 256: Advances in 
Pigment Cell Research, edited by Jo- 
seph T. Bagnara, 637 pp, New York, NY, 
Alan R Liss Inc, 1988, $120. 


This book is a compilation of sym- 
posia proceedings and lectures from 
the 18th International Pigment Cell 
Conference held in Tueson, Ariz, Octo- 
ber 5 through 9, 1986. There are 135 
contributors, including a number of 
international authorities in the field. 
The book is organized into nine sec- 
tions or symposia. Each section con- 


sists of five or nine reports selected 
from a symposium. These nine sections 


include the structure and development 
of vertebrate pigment cells, melano- 








genesis, acquired pigmentary disor- 
ders, recent advances in the molecular 
genetics of pigment cells, human mel- 
anoma, control of color change (inver- 
tebrates), photoaging and pigmenta- 
tion, melanin-concentrating hor- 
mones, a novel chromatophore- 
regulating hormone, immunology, and 
pigmentation. 


. may be of limited interest 
to the ophthalmologist in clinical 
practice.. 


The book also includes four special 
lectures presented at the conference: 
biochemical mechanisms of tumor 
invasion and metastases by L. A. Li- 
otta et al, protein and active-site struc- 
ture of tyrosinase by Konrad Lerch, 
some new aspects of eumelanin chem- 
istry by Giuseppe Prota, and thymosin 
modulates immune and endocrine 
events by P. H. Naylor and A. L. Gold- 
stein. 

The diverse nature ef pigment cell 
research makes it difficult for any ed- 
itor to compile a book that provides 
adequate coverage of the wide range of 
topics associated with this field. Dr 
Bagnara should be congratulated for 
accomplishing such a feat. In organiz- 
ing the conference, Dr Bagnara has 
indeed sampled the major advances in 
the various disciplines of pigment cell 
research throughout the world. 

A standard criticism of any proceed- 
ings from a meeting is that by the time 
the book is published (in this instance 
2 years later) a substantial proportion 
of the information has already been 
published and some might even be 
outdated. However, this book presents 
not only data but also ideas for future 
research, which we still find to be rel- 
evant and useful. Because the purpose 
of this book is to previce a broad over- 
view, it can only highlight the 
major advances in the various 
areas of pigment cell research. Read- 
ers who desire a more cetailed account 
of the subject would need to turn to 
other sources for information. 

Progress in Clinical and Biological 
Research emphasizes basic science re- 
search. It contains enly a few sections 
on applied basie research. Those not 
familiar with basic research methods 
will probably find most material too 
technical. This book’s greatest value is 
in its broad coverage of pigment cell 
research, which includes topics on 
anatomy, biochemistry, genetics, cel- 
lular and molecular bielogy, immunol- 
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E: nd comparative biology. 
_ While this book may be of limited 
erzest točae ophthalmologist in clin- 
~ leal practice, those people who desire a 
va broad, general knowledge of the cur- 
>: rent:advances and future directions of 
. the diverse field of pigment cell re- 
search wil! ind this book of value. 
VINCENT C. Ho, MD 
ARTHUR J. SOBER, MD 
Boston, Mass 











A Piona. € My Mind, edited by Bruce 
“Poxanne K. Young, 256 pp, 
New York, NY #, Random House Inc, 1988, 


$18.95. 


A Piece ef My Mind is an admirable 
_ compilation of 80 essays selected from 
= over 425 published since 1980 in The 
< Jourzal of tee American Medical As- 
= f he contributors were asked 
T tae most dramatic and in- 
“ spiriag exper iences of their careers. 
5 was ably edited by Bruce 
= Dan, MD, & md Roxanne Young, and it 
contains aay insightful commen- 
. taries by Ur Dan. The physician- 
© reader will relive his or ker own en- 
- counters wEE triumph, defeat, accom- 
plishment, aad failure, will envy the 
heroism ard empathy of colleagues, 
and cannot. fail to marvel at the tre- 
-o mendbus literary skill displayed by 
>. many of the contributors. The lay 
>: reader may get important insights into 
-- some of the problems that beset ha- 
-. rasseé interns and mature physicians. 
= There is plenzy of food for the current 
< appetite of the public for stories and 
inforraation about diseases, physi- 
cians,.and hospitals. 

































most impressive and 
- is that by David 





In my view, the most impressive and 
. tragicessay is ‘that by David Worthen, 
_MD, written 3n 1985. It is impressive 
because ene immediately recognizes 
the mind of aa unusually skilled phy- 
-sgician, teacher, researcher, and intel- 
~lectua.. It is tragic because he de- 
 seribes the progression of his own 
-neurobgic ceficits; he died 3 years 
later c amyotrophic lateral sclerosis. 
“Baly Blues” by Daniel J. Waters, 
DO, is one of the shortest and best 
contributions. In a few deft brush 
strokes, we ge. the complete picture of 
the terse dramatic hustle and bustle of 
a SAE irtensi i 
retain ore on the arate The 
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am I?’ they seem to ask. ‘ICU, little 
one. Can you see me? ” 

Another essay entitled “Brad” is by 
John Cantwell, MD, who describes in 
great detail the birth and life of his 
own son, microcephalic retarded but 
much loved and prized. This is not as 
elegantly written as the essays de- 
scribed above, but it should be read by 
every parent of a handicapped child. 

In “Aging and Caring” by Paul 
Ruskin, MD, a physician teaching a 
class of student nurses asks them to 
describe their feelings about taking 
care of a patient who is disoriented, 
edentulous, and incontinent, screams 
at night, must be fed, and has complete 
disregard for her own appearance. The 
nurses replied only with such negative 
feelings as depression, annoyance, and 
hopelessness. The instructor then 
passed around a picture of the patient, 
his 6-month-old daughter. The moral 
of the O. Henry-like tale is that per- 
sons even at the end of life deserve the 
same care and attention as those at the 
beginning. 

“I Had a Baby Sister but She Only 
Lasted One Day” by Susan Scrimshaw, 
PhD, and Daniel Marsh, PhD, and 
“After a Death” by Gregory Liptak, 
MD, also deserve special mention, but 
all these essays are rewarding reading. 

SUMNER D. LIEBMAN, MD 
Waban, Mass 


Progress in Retinal Research, Vol- 
ume 7, edited by Neville Osborne and 
Gerald Chader, 296 pp, with illus, Elms- 
ford, NY, Pergamon Press Ltd, 1988, 
$118. 


Volume 7 of this series offers a com- 
pendium of reviews aimed at the basic 
scientist. The nine chapters are a sam- 
pling of current research on the retina, 
with many of the individual chapters 
following themes from earlier volumes 
in the Progress in Retinal Research 
series. For example, retinal develop- 
ment is represented here by a discus- 
sion of cell lineages in the retina. Pho- 
toreceptor proteins appear in the con- 


. an annual sampling of basic 
research topics related to the ret- 
ina and retinal pathologic charac- 
teristics.” 


text of molecular modeling of the 
photopigment rhodopsin and also in a 
separate discussion of the current 
state of molecular genetics of the pho- 
toreceptor. Catecholamines in the ret- 
ina are presented both as bona fide 
neurotransmitters and as a potential 
modulator of rhythmic photoreceptor 
metabolism. Electrophysiology of neu- 
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vel] represente ina 


retrospective r review on progress in the 


catfish retina over the past 20 years. — 
Retinal vasculature, also a recurring- 
theme in this series, is discussed from | 
the point of view of growth control of © 
vessels. Other ronneuronal cells of the - 
retina are discussed in two chapters, i 
one on astrocytes and the other on mi- 
gration and proliferation of glia. 
Each chapter is rather narrowly fo- 
cused, and the level of treatment var- 
ies. However, most chapters are acces- ` 
sible to the nonspecialist. The chapter — 
on the molecular genetics of photore- i 
ceptor cells begins with a short review — 
of molecular biology techniques fol- 
lowed by a clear explanation of how — 
those techniques have been adapted to- 
the study of photoreceptor proteins. At 
the opposite end of the spectrum, the © 
chapter on rhodopsin structure is. . 
rather technical, combining a detailed 
analysis of chemical modification — 
studies with extensive cross species — 
and cross-receptor comparisons of pri- — 
mary amino acid sequences. This- 
amino acid residue-by-residue analy- 
sis, while perhaps not very accessible » 
to the general reader, nevertheless. - 
leads to a set of beautiful, full-color, 
three-dimensional models of rho- — 
dopsin that can be appreciated by even 
a naive eye. a 
A single unifying theme that might , 
relate one chapter to another in thi 
volume is elusive. In the short preface, 
the editors suggest a common thread: 
“new methods cf molecular and ce 
biology ... now applied to retinal re- 
search with excellent results.” Never- 
theless, each chapter in this volume i iso 
basically a self-contained review with- 
breadth and balance provided in the — 
wide spread of the individual topics. < 
The fact that three chapters deal with — 
photoreceptors, two with nonphotore- ` 
ceptor neurons, and three with non- | 
neuronal cells of the retina suggests 
the balance and range of interests. 
Qverall, this volume represents an. 
annual sampling of basic research top- 
ics related to the retina and retinal | 
pathologic characteristics. Some of the- 
chapters, like that on x rhodopsin struc- 
ture, may remain a benchmark for 
years to come. Others, such as that on > 
cell lineages in the retina, have already _ 
been overtaken by newer work using. 
molecular probes as cell lineage märk- 
ers. A few of the chapters, particularly — 
those related to gliosis and retinal mi- — 
crovasculature, will be of immediate — 
interest to clinical ophthalmologists. — 
However, this volume, like others in- 
the Progr ess in Retinal Research se- 
ries, is primarily designed for those — 
with a more basie research interest. 
DOROTHY Roor, PHD 

Boston, Mass _ 
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l -Consultation in Ophthalmology, py 
-Thomas R. Hedges IH, 447 pp with black- 
<and-white illus, Philadelphia, Pa, BC 
. Decker Inc, 1987, $24.95. 


The ophthalmological consultation 
constitutes an important topic worthy 
cof a scholarly and in-depth book on 
this subject. Hedges tackles this for- 
~midable task with a well-organized, 
$ concisely written, and complete book. 





=- “weighted toward the more 
common clinical entities...” 





This valuable reference book is 
veighted toward the more common 
clinical entities likely to present in the 
hospitalized patient, but the reader 
can be well assured that virtually all 
„ocular manifestations of systemic dis- 
-eases are covered. The author assumes 
_that the consulting ophthalmologist is 
-well versed in the management of pri- 
-marily ophthalmological diseases, 
-such as glaucoma and retinal detach- 
ments, so quite rightly does not include 
omprehensive discussions of these 
ubjects. This book is intended for the 
phthalmologist and other physicians 
vho need a handy reference book about 
hen a consultation is indicated, how 
o go about getting one, and what eye 
ndings should be looked for in each 
isease encountered in the hospital 
etting. 

= In reading this book, I could not help 
-but feel that the subject material is 
quite valuable for the non-hospital- 
-based physician who needs this exper- 
-tise at his or her fingertips to handle 
the rich variety of clinical problems 
‘that pass through a private office set- 
‘ting. There are few of us who do not 
“need to refresh our memories about 
the multiplicity of syndromes, the nu- 
vances of the neurological workup, and 
he complexity of medical tests to be 
ecommended with the various find- 








“The chapters in Consultation in 
saree are organized around 
he various types of referrals found in 
departments i in a general hospital: 
ils from the emergency depart- 
nd intensive care unit, and med- 
ür logical, and pediatric refer- 
ithor outlines the workup, 
diagnoses, and accepted 

e treatments for the dis- 





n the first chapter, the author dis- 

usses the approach to evaluating the 
hospitalized patient, which entails tai- 
-loring the examination to the patient’s 
ability to respond and the need for 





bedside techniques. He relates the 
need to clearly describe the diagnostic 
impression and discussion of the med- 
ical implications. Recommendations 
must be concisely written so that the 
referring physician and nurses will 
understand the treatment plan. 

Hedges’ interest and expertise es- 
tablished the basis for the chapter on 
neuro-ophthalmology, which is the 
most outstanding contribution in this 
book. Almost one third of the book is 
devoted to this subject, and rizhtfully 
so, given the frequency and complexity 
of neurological consultations. There 
are excellent sections on the valuation 
of such subjects as headache, transient 
visual loss, pupillary abnormalities, 
nystagmus, and field defects. The 
reader will feel little need to go to 
other major textbooks as the coverage 
in this chapter is most complete. 

The chapter on medical referrals isa 
compendium of the vast number of 
medical diseases that may have ocular 
signs or symptoms. Proper emphasis is 
given to the immunologic disorders, 
dermatologic conditions, infectious 
diseases, nutritional disorders, and 
cardiovascular abnormalities 

Differential diagnosis of the red eye, 
acute visual loss, and double vision are 
nicely outlined in table form in the 
chapter on emergency department re- 
ferrals. Protection of the exposed eye 
and the need to look for unseen ocular 
trauma is emphasized in the evalua- 
tion of the patient receiving intensive 
care. 

Throughout the book, Hedges keeps 
the subject, workup, and treatment in 
their proper perspective, allowing the 
reader to hone in on the esser.ce of the 
problems. Each chapter contains a se- 
lected number of references tat facil- 
itate further in-depth reading. Con- 
sultation in Ophthalmology :s highly 
recommended for anyone involved in 
initiating or conducting opathalmo- 
logical consultations. 

BYRON S. LINGEMAN, MD 
Wellesley Hills, Mass 


Ocular Motility (Ophthalmic Technical 
Skills Series), by Virginia Carlson Hans- 
en, 127 pp with illus, Thorofare, NJ, Slack 
inc, 1988, $30. 


Ocular Motility was written for use 
by orthoptic and ophthalmic techni- 
cians. The goal of the book is to update 


and supplement current knowledge, as ~ 
well as to act as a reference for the be- 


ginning practitioner. 

The author has managed to include 
most salient details of strabismus in a 
brief text. There are chapters on ex- 
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traocular muscle anatomy, physiology, 
classification of strabismus, and sen- 
sory adaptation. In addition, there are 
two chapters on differential diagnoses 
and systematic approaches to strabis- 
mus that may be helpful for the begin- 
ner. There is no section specifically ad- 
dressing the approach to a young child. 
The author refers tc the possibility of 
difficulty in examining children in 
chapter 6, but more concrete sugges- 
tions on how to work with young pa- 
tients would improve the text. 


“Most material is well covered 
and is explained clearly and con- 
cisely...” 


Most material is well covered and is 
explained clearly and concisely, but 
there are some areas, such as nystag- 
mus, where information is scattered 
and limited. The crucial area of treat- 
ment of amblyopia is not covered in 
sufficient detail. It is added at the end 
of the chapter on “Adaptation to Stra- 
bismus” rather than given a full chap- 
ter of its own. In this section, the 
author suggests that one should 


instruct the patient’s parents to put the 
patch on first thing in the morning and to 
take it off last thing at night. Tell them if 
the child is up for an hour before the patch 
is on (or without the patch for an hour be- 
fore bedtime), that each hour spent without 
patch undoes the whcle day. 


There should be concern about these 
instructions for full-time occlusion. 
There.is only brief mention of the very 
real danger of occlusion amblyopia 
that could be induced by this approach. 
Some patients, for example, miss ap- 
pointments and continue full-time use 
of a patch for extended periods. In re- 
ality, wearing a patch for all but 2 to 3 
hours a day for treatment of deep am- 
blyopia is both effective and safer than 
full-time occlusion. 

The section on treatment of ambly- 
opia would also be improved with a 
discussion of the different subtypes of 
amblyopia, such as unilateral high my- 
opia, astigmatic anisometropia, ani- 
sometropic hypercpia, and occlusion 
amblyopia. Different types and de- 
grees of amblyopia respond to use of a 
patch in different ways, and it would 
help the beginning practitioner to 
know these differences. 

In general, this appears to be a good 
text to serve as a condensed introduc- 


-tion or review of ocular motility for the 


ophthalmic medical assistant and for 


the orthoptist. 


Lors Smitu, MD 
Boston, Mass 
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g ` Vitrecus Surgery and Uveitis 


p ‘What isthe rdle of vitreous surgery in intermediate uveitis 
_ {pars planitis. peripheral uveitis)? 


a. Vitreous surgery techniques have proved to be of 
ko valuecin coping with several serious complications of 
this disease. Whether vitreous surgery exerts a beneficial or 
therapeutic effect on the uveitic process itself is debatable. 
( Vitseous traction on retinal veins and on vessels at the 
_ disc may be relieved by vitrectomy. Release of traction will 
-stop fartherbleeding. If bleeding is from an avulsed retinal 
_. vein, vitrectamy pius closure of the vessel by laser or dia- 
_ thermyy is mudicated. 
When there is heavy vitreous hemorrhage from neovas- 
- cularization on the disc, on the retina, or on the snowbank 
=o exudaze, vitrectomy is a useful first step in clearing the 
> medie so the-offending new vessels can be destroyed. 
O Thedevelepment of a cyclitic membrane with secondary 
-posterior subeapsular cataract and traction retinal detach- 
- ment leading to blindness will call for vitrectomy and 
_. lensectomy, eccasienally accompanied by a scleral buckling 
o a oaly hope of saving vision in this situation). 
<O Existence of the Tellowing conditions calls for vitrectomy 
- with remeovalof the offending membranes: (1) severe mem- 
_.... brane formation with marked cellular and fibrinous infil- 
> -trati on of the vitreous (that is not responsive to steroids); 
aoe (2) epretinal membrane formation resulting in macular 
`o — pueker and less of eentral vision; and (3) extramacular pro- 
-> liferation with traction detachment, avulsion of retinal ves- 
gels, bbeeding, or even tearing of the retina. 
ROBERT J. BrockHurst, MD 
Boston, Mass 





































< Managemen: of Lattice Degeneration 
| a Q ‘What isthe proper management of lattice degeneration? 


While noles caused by lattice degeneration are a factor 
EN ir over 30% of patients with rhegmatogenous retinal 
$ detachment, lattice Cegeneration is not always a dangerous 

. condit: won and can be compatible with lifelong good visual 











: 1 The phthal 


om tiie cases described by N. Byer of California, 
ential 'y low risk and usually do not need treat- 
j pationt who. has developed a detached retina 
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mologist must learn to recognize “high-risk patients with exudative age-related macular degen 


sociated with lattice degeneration and distinguish that has progressed to subretinal fibresis where laser phe 


in the fellow eye, I treat open retinal tears associated with 
lattice in the second eye; however, I do not prophylactically — 
treat areas of lattice if no retinal breaks are present. In... 
addition, myopia also poses a risk factor in lattice; in highly _ 
myopic eyes with lattice degeneration, retinal holes are- 
treated. It must also be emphasized that, not infrequently, — 
holes will tear in the retina in areas that co not have lattice r 
degeneration. — 

On the other hand, a large percentage of the popiilation: 
presents with lattice degeneration in both eyes and is 
asymptomatic and without a history cf retinal detachment. — 
Many such eyes will have small asymptomatic, round ret- 
inal tears in association with the lattice degeneration. In 
virtually all of these cases, I have followed up the lesions, 
without treatment, over many years and have rarely seen — 
problems arising from this method of management. 





WILLIAM H. JARRETT IL, I, MD 
Atlanta, Ga o 





Fluorescein Angiography in Age-Relatec Macular seein 
Degeneration | 





My practice consists primarily of eideriy patients, and, as 
Q expected, many of them show drusen and pigmentary . 
changes in the macula. Should | be getting baseline fluorescein. r 
angiograms on all these patients? = 


Fluorescein angiography is indicated for the detection a. 

A of choroidal neovascularization in patients with the | 
“exudative” form of age-related macular degeneration. — 
Typically, such patients will exhibit new symptoms or a 
change! in symptoms that include visual loss, metamorphop- 
sia, and/or micropsia. In some patients without symptoms, 
ophthalmoscopy may suggest the presence of choroidal ne 
ovascularization because of subretina! fluid, blood, or lipid. — 
Usually it will be in the patient’s best interest if the fuo- 
rescein angiogram is performed and interpreted by an oph- 
thalmologist prepared to proceed with laser photocoagula a- 
tion if indicated. 
Only a small fraction of patients with age-related 
ular degeneration have the exudative form. Since ni 
ment is known to be effective for the nonexud. 
fluorescein angiography is not indicated except i 
where the cause of visual loss cannot be explain 
examination. Fluorescein angiography is not ind 





















tocoagulation no longer can be considered. | 
Ropert E. Kalna, MD 
Seattle, Wash — 






Questions and Answ eo 


News and Comment 


Harold G. Scheie, MD, and Thomas D. 
Duane, MD, Honored at Academy Meet- 
ing—Harold G. Scheie, MD, founding 
director of Scheie Eye Institute, Phil- 
adelphia, Pa, and emeritus chairman 
of the Department of Ophthalmology 
of the University of Pennsylvania 
Medical Center, was honored by the 
American Academy of Ophthalmology 
at their annual meeting in New Or- 
leans, La, October 30, 1989. At the 
opening ceremonies, the academy an- 
nounced the publication of Harold G. 
Scheie, a history, written in coopera- 
tion with the oral history office, Uni- 
versity of California, Berkeley. 

Another Philadelphia ophthalmolo- 
gist, Thomas D. Duane, MD, is the sub- 
ject of a second volume announced at 
the same time. Drs Scheie and Duane 
are the third and fourth ophthalmolo- 
gists to be featured in this ongoing se- 
ries. The first two subjects were Dohr- 
mann K. Pischel, MD, and Phillips 
Thygeson, MD. 

For information on obtaining a copy 
of one or more of the volumes, contact 
Erica Perez, American Academy of 
Ophthalmology, 655 Beach St, Suite 
300, San Francisco, CA 94109-1336. 


Appointment Announced.—The EX- 
CEL Foundation of New York is proud 
to announce the first annual appoint- 
ment of its Sabbatical Visiting Profes- 
sorship. The awardee for the current 
academic year is Larry Schwab, MD, 
recently of Zimbabwe where he was 
consultant in ophthalmology to the 
Ministry of Health, working under the 
auspices of the US-based Interna- 
tional Eye Foundation and Sight Sav- 
ers of England. He will spend the 
sabbatical year as EXCEL professor 
attached to the Department of Com- 
munity Medicine at the West Virginia 
University in Morgantown. He also 
holds an appointment as clinical asso- 
ciate professor in the Department of 
Ophthalmology at that university. 

The EXCEL Sabbatical Visiting 
Professorship is awarded to a well-es- 
tablished American ophthalmologist 
interested in how eye care is most ex- 
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pertly and economically rendered to 
large population groups, whether in 
the United States or in the developing 
world. Selected by the Foundation’s 
professorship appointment commit- 
tee, the awardee, among all applicants 
considered, is deemed to have the most 
creative and valuable approach to the 
general field of eye care provision— 
considered a vitally important scien- 
tific pursuit that deserves special aca- 
demic recognition. 


Faculty Members Appointed.—Two 
new faculty members have been 
named to the Department of Ophthal- 
mology at Penn State’s College of Med- 
icine at the Milton S. Hershey Medical 
Center. Stuart H. Goldberg, MD, has 
been appointed assistant professor of 
ophthalmology and will develop an oc- 
uloplastic and orbital surgery service 
at Hershey Medical Center. Dr James 
W. McManaway III has been appointed 
assistant professor of ophthalmology 
and pediatrics. 


David R. Weakley, Jr, MD, and Robert 
H. Kennedy, MD, Appointed Assistant 
Professors.— David R. Weakley, Jr, MD, 
of Dallas, Tex, has been appointed as- 
sistant professor of ophthalmology, 
specializing in pediatric ophthalmol- 
ogy and adult strabismus, at the Uni- 
versity of Texas Southwestern Medical 
School of Dallas. He completed his 
residency at the University of Texas 
Southwestern Medical Center, Dallas, 
and completed a pediatric ophthalmol- 
ogy fellowship at Childrens’ Hospital, 
Washington, DC. 

Robert H. Kennedy, MD, of Dallas has 
also been appointed assistant profes- 
sor of ophthalmology, specializing in 
oculoplastic and orbital surgery, oph- 
thalmic oncology, and ophthalmic epi- 
demiology, at the University of Texas 
Southwestern Medical School at Dal- 
las. Dr Kennedy received his medical 
degree from the Mayo Medical School, 
Rochester, Minn, in 1982. He com- 
pleted a residency in ophthalmology at 
the Mayo Clinic and a fellowship in 
ocuplastic and orbital surgery at Wills 





David R. Weakly, Jr, MD 
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Robert H. Kennedy, MD 





Eye Hospital, Philadelphia, Pa. In ad- 
dition, Dr Kennedy received the MPH 
degree in epidemiology from the Uni- 
versity of Minnesota. 


Intraocular Lens Receives Approval 
From FDA.—The PhacoFlex SI-18NB 
Small-Incision Intraocular Lens (IOL) 
has received premarket approval for 


News and Comment 


noninvestigational use from the fed- 
eral Food amd Drug Administration. 
The lens is the first foldable silicone 
IOL available for general use. Further 
information is available from Aller- 
gan Medical Opties (1-800-366-6554). 


San Diego County (California) Ophthal- 
mological Seciety Elects New Officers.— 
The following offieers were elected for 
the San Diez» County Ophthalmologi- 
cal Seciety fer 1989-1990: Geves Kenny, 
MD, president; Robert N. Weinreb, MD, 
vice president; Paul Tornambe, MD, 
secretary; and John Bokosky, MD, trea- 
surer: 


New Ant-nfecfion Solution Intro- 
duced—POLYTRIM (0.1% trimeth- 
oprim sulfate/polymyxin B sulfate, 
10000 U/mi, a new, broad-spectrum 
ocular anti-rfective solution, has been 
introduced by Allergan Pharmaceuti- 


Obituaries 


CARTER, Leland Fields, 89, Grosse 
Pointe, Mich: University of Pennsyl- 
vania Schodl of Medicine, 1924; certi- 
fied by the American Board of Oph- 
thalmology; Ged August 29, 1989. 


CASTILLO, Michael Edward, 67, Kan- 
sas City, Mc: University Nac Mayor de 
San Marcos, Prog Academy de Med 
Humana, Peru, 1953; residency, Tru- 
man Medical Center, 1958, North Kan- 
sas City Memorial Hospital, 1965; cer- 
tified by the American Board of Oph- 
thalmology; Ged September 13, 1989. 


GRAFELIN, Allan L., 82, Manchester, 
Mass; The Johns Hopkins School of 
Medicine, 1939; residency, Henry Ford 
Hospital, 195%; certified by the Amer- 
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cals. POLYTRIM represents the first 
topical use of the synthetic antibacte- 
rial trimethoprim for ocular infections 
in the United States. Additional infor- 
mation is available from Roni Viles at 
Allergan; (714) 955-6209. 


George Garcia, MD, Receives Alumni 
Award at Boston University.—Boston 
University presented an Alumni 
Award for Distinguished Service to 
the Profession to George E. Garcia, MD, 
associate chief of ophthalmology and 
director of the General Eye Service at 
the Massachusetts Eye and Ear Infir- 
mary. Dr Garcia graduated with hon- 
ors from the Boston University School 
of Medicine in 1961. Currently presi- 
dent-elect of the American Academy 
of Ophthalmology, Dr Garcia served as 
president of the Massachusetts Oph- 
thalmological Society, president of the 
American Association of Ophthalmol- 
ogy, and chairman of the Board of 


ican Board of Ophthalmology; died 
December 10, 1988. 


HOWARD, Royal Marwin, 67, Staten 
Island, NY; New York University 
School of Medicine, 1945; residency, 
Goldwater Memorial Hospital, 1951; 
certified by the American Board of 
Ophthalmology; died September 3, 
1989. 


MAC LEAN, Angus Lloyd, 88, Balti- 
more, Md; Dalhouse University, Facil- 
ity of Medicine, NS, Canada, 1922; cer- 
tified by the American Board of Oph- 
thalmology; died January 10, 1988. 


MONTE, Thomas Dominick, 77, Mont- 
clair, NJ; State University of New 





George Garcia, MD 


Councillors of the American Academy 
of Ophthalmology, as well as in nu- 
merous other positions. 


York-Health Sciences Center at 
Brooklyn, College of Medicine, 1936; 
residency, Manhattan Eye, Ear, & 
Throat Hospital, 1946; certified by the 
American Board of Ophthalmology; 
died September 23, 1989. 


OLSZEWSKI, Brenislaus S., 83, 
Dunkirk, NY; State University of New 
York at Buffalo, School of Medicine, 
1932; died September 6, 1989. 


VALENZUELA, Raul E., 65, Brandon, 
Miss; University de Chile, Esc de Pra- 
grado, Facility de Medicine, Chile, 
1951; certified by the American Board 
of Ophthalmology; died July 7, 1989. 
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Grieshaber 


Three for Capsulectomy 


With the advent of visco-elastic agents, these 
recent additions to our line of Sutherland 
Rotatable Microsurgery Instruments are 
proving to be especially effective for 

cutting and removal of the capsule and 
secondary membranes. 


Working within the confines of the 
eye, their microscopically precise tips 
and unique rotatable design give 
you clean cuts with exceptional 
control. 


Over 30 Sutherland rotatable 
instruments are offered by 
Grieshaber for a variety of 
anterior and posterior 
procedures. Please 

call us for further 
information or to 

place your order: 

(215) 741-0550 


612-01: Angled Scissors, 55° 
612-77: Straight Rounded Scissors 


612-98: Pic Forceps 


Grieshaber A 


3000 Cabot Blvd. West 
PO. Box 1099 
Langhorne, PA 19047 
Telephone (215) 741-0550 













"TARG ETED 
TO YOU 


Every month this journal 
nas a special “Classified 
Advertising’ section full of 
professional opportunities 
in your specialty. 

s a highly visible 
marketplace of wide- 
ranging opportunities, all 
concentrated under our 
new, blue banner. You'll 
fnd it toward the back of 
this issue. 

Niow, in addition to up-to- 
aate, clinical information 
and relevant reviews, you 
can rely on this publication 
of the AMA to bring 
important messages from 
recruiters across the 
country. 


it you want to target a 

message to another 

colleague like you, call our 

classified advertising office 

toll free: 800-237-9851. 

# you call from Florida: 
300-553-8288. Or write: 

| Specialty Journal 

_ Classifieds, P.O. Box 1510, 

Clearwater, Florida 34617. 
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Liquifilm® sterile ophthalmic solutio jj on n 






INDICATIONS AND USAGE 
Ocufen is indicated for the inhibition cf intraoperative 1 


CONTRAINDICATIONS x 
Ocufen is contraindicated in epithelial herpes. simy lex ki 
(dendritic keratitis) and in individuais whe are hy rse sit 
to any components of the medication. ea 












WARNINGS. 
With nonsteroidal anti-inflammatory drugs, the 
potential for increased bleeding due to interference 
bocyte aggregation. There have been reports th 
cause bleeding of ocular tissue (including hyphemas 
tion with ocular surgery. 
















There exists the potential for cross-sensitivity to 
acid and other nonsteroidal anti-inflammator drugs. y 
caution should be used when treating individuals who ha 
ously exhibited sensitivities to these drugs. s 


PRECAUTIONS ; 
General: Patients with histories of herpessimplex ker 
be monitored closely, Ocufen is contraindicated in: 
active herpes simplex keratitis. 


Wound healing may be delayed with the use of O 


It is recommended that Ocufen be used with cautior 
patients with known bleeding tendencies orwho-.@ 
other medications which may prolong bleecing t 






















Drug interactions: Interaction of Ocufen® (fharbip 
0.03% Liquifilm® sterile ophthalmic solution wit 
ophthalmic medications has not beer: fully inves 














Although clinical studies with acetylchol:ne chloride aa ani 
studies with acetylcholine chloride or carbachel revealed noi te 
ference, and there is no known pharmacological basis for an inte 
action, there have been reports that acetylcholine chloride and 
carbachol have been ineffective wher. used in patients treated i 
with Ocufen, 
















Carcinogenesis, mutagenesis, impairment of fertility: Long- 
term studies in mice and/or rats have shown no evidence of: 
cinogenicity or impairment of fertility with flurbiprofen. . 














Long-term mutagenicity studies in animais have. no 
performed. 










Pregnancy: E 
Pregnancy category C. Flurbiprofen. has been shown 
embryocidal, delay parturition, prolong gestation, reduce weigh - 
and/or slightly retard growth of fetuses when given to rats in daily” 
oral doses of 0.4 mg/kg (approximately 184 times the human daily - 
topical dose) and above. There are no adequate and well- 
controlled studies in pregnant women. Ocufen should be used 
during pregnancy only ifthe potential benefit justifies the peter 
tial risk to the fetus. 7 
























Nursing mothers: It is not known whether this drug is excreted : 
in human milk. Because many drugs ars excreted in human mik 
and because of the potential for serious adverse reactions in 
nursing infants from flurbiprofen sodium, acecision should be 
made whether to discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to the mother 














Pediatric use: Safety and effectiveness in children have not been : 
established. wo 





ADVERSE REACTICNS : 
The most frequent adverse reactions reported with Her use of | 
Ocufen are transient burning and stinging upon. instillation and. = a 
other minor symptoms of ocular irritation. | mee 


Increased bleeding tendency of ocular tissnesi in iconj u nction with = 
ocular surgery has also been report eC. ee 
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Ocuten 
helps you 
control the unexpected. 


Keeping the pupil larger to help reduce the risk 
of serious intraoperative complications. 
Ocufen' 
(flurbiprofen sodium) 0.03% 


Liquifilm” sterile ophthalmic solution 


= ALLERCAN PHARMACEUTICALS 


Please see brief summary of prescribing information on adjacent page. 





our Years of Ophthalmology Training 


s Its Time Come? 


Yor the last 6 years at the annual Association of 

L University Professors of Ophthalmology meet- 
ng, : a lively discussion has taken place regarding the 
possiole need to increase ophthalmologic training 
‘from 3 years to 4 years of required residency educa- 
-tion (anpullished data, minutes of the Association of 
. University Professors of Ophthalmology). One of the 
reasons this subject has been so actively pur- 
herapid expansion of ophthalmic knowledge 
ast.decade. Approximately 50% of residents 

y take an additional year of fellowship train- 

t least one of the major reasons for the 
dditsonal training year is the perception that they 
nee more əphthalmic or subspecialty training before 
goin: ginto practice or beginning an academic career. 
f one of ophthalmology’s major goals is to train the 
comprehensive ophthalmologist, then perhaps a 4- 
ar residency program emphasizing the training of 
p: ogdly kased ophthalmologist with fewer subspe- 
cialists i is appropriate. A comprehensive ophthalmol- 
ogist would be an individual who has had wide expe- 
nee in all areas of surgical and medical ophthal- 

- anã would need to refer less often to a 


ing preparation for this editorial, I sent a survey to 
all departments in the University of California, 
Davis. medical school requesting information about 
-recent changes in the length of residency training 
< programs. The results of that survey are presented i in 
-Tabie 1. The following general medical and surgical 
: speciaities kave recently added an additional year of 
traini ag: anesthesia expanded in 1989 from 2 to 3 
year: ue to the increasing body of knowledge and 
skills. In 1987, radiology expanded from 3 to 

In 1985, ‘pathology, after much discussion 

e eh: irpersons and ATE decided that 


No. of Years 

Required by i 

Respective of California, 
Board” Davis, Medical § Schoo 


Anesthesiology 
Dermatology 
Family practice 
General surgery 


Internal medicine 
(fellowship, 2-3 y) 


Neurosurgery 
Neurology 
Obstetrics / gynecology 


Ophthalmology 
Currently 
1990 


Orthopedics 
Otolaryngology 
Pathology 
Pediatrics 


Physica! medicine and 
rehabilitation 


Psychiatry 
Radiology 


Urology (2 y general surgery 
and 4 y urology) 


*includes postgraduate year 1. 


creased to 4 years of training despite 
among the membership. The departmen 
has only 3 years of training, but post 
lowships of 2 to 3 years are common 
lack of unanimity characterized t 
these specialties when an additional 
was added. The American Board ii 
area AEN made the final decisi 


ments have bee een presen . 














‘Characteristic No. of Programs 
of programs surveyed 146 

_No. of programs responding 127 
“No.of 3-y programs following 


_.___ first-year program 118 
< No. of 4-y programs following 
.. first-year program 5 







-No residency program 


Survey Response 


Yes No if Required Possibly Undecided 









5 “snow mandated 
- for educational 
reasons 











point of view. The reasons provided to increase the 
ength of ophthalmic training programs included the 
ollowing: (1) to train a comprehensive ophthalmolo- 
ist in all areas of ophthalmology; (2) to master oph- 
halmology’s expanding body of knowledge and tech- 




























ical skills; (3) to allow time to correct problems dur- 
ng the residency training period, particularly to 
mprove surgical or cognitive skills; (4) to develop 
urgical maturity so that residents will not feel they 
\ust cram a certain number of cases into the third 
ear of ophthalmic training; (5) to reduce the number 
fellowships and preserve only those fellowships 
provide a superior educational experience; (6) to 
) residents who desire a fellowship to have 
2 time for the decision-making process; (7) to 
engthen residency training programs because they 
re the only formally approved educational process 
nd must meet certain educational requirements, 
hereas fellowships follow little, if any, formal ap- 
proval process; and (8) to expose residents to research 
nd teach them to become critical of the scientific and 
inical literature. 
The arguments that have been used against in- 
asing the length of training included the following: 
increase the cost of training (cost should be 
ninimally if the number of residents stays 
(2) what evidence is there to suggest that 
dequately training ophthalmologists at 
ime (remember, 50% of residents take an 
year of fellowship training)?; (3) if the 
i idequate training program, an ad- 
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% of Respondents 
Fsteateatteheeteeiieimmtememm mmoomenmmeaneanaesneadtibinetensntmemeanimnsenninmmenannmnmmaaammen 




















Agree Don't Disagree 
or Agree Knowor or Disagree 
Strongly Undecided Strongly 
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"All respondents — 2 OOO 
General ophthalmologists 36 22 = 








Subspecialists 
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hospitals 
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__hospitals 
Small non-university-based 
hospitais 








ditional year of training in that program will not be — 
of educational benefit; and (4) unless the American | 
Board of Ophthalmology requires 4 years of oph- 
thalmic training, few programs will be able to obtain 
authorization to pay for the fourth year. 

To prepare for this editorial, I sent a survey to all 
chairpersons of all departments of cphthalmology. 
The results of that survey are presented in Tables 2 
and 3. Of 145 questionnaires, 127 (88%) were re- 
turned. Of the programs responding, there are 119 
three-year programs currently in place and four de- 
partments of ophthalmology do not train residents. 
Five programs in the United States currently have a 
4-year residency training program or have at least 
selected residents who will enter a 4-year program in 
the near future. The earliest 4-year training program 
was begun in the United States in 1979. Two other 
programs began in 1987, one in 1988, and one in 1989. 
All of these programs begin at the conclusion of the 
residents’ first postgraduate year. 

The survey also asked if departments planned to 
implement a 4-year program in the near future if 
they did not currently have one. Eighteen depart- 
ments responded that they plan to start a 4-year pro- 
gram, 8 responded that they will do se if required, 11 
responded that they possibly will, and 4 responded 
that they are undecided. Seventy-six programs re- 
sponded that they do not plan to begin a 4-year pro- 
gram. In addition, program directors were asked if 
they felt, on an educational basis, that a 4-year train- 
ing program in ophthalmology is now mandated by 
the amount of material that residents must be taught. 
Of these directors, 50 said yes, 2 said maybe, and 71 
said no. 

The report of the 1987 Conference on Residency 
Education in Ophthalmology published a survey of 
816 members of the American Academy of Ophthal- 
mology who finished their ophthalmologic training 
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redpráetice i in 1980 and 1981.) Fifty per- 
hesesurveyed responded. Thus, 436 question- 
ere submitted for statistical evaluation. They 
ced this question: “Did the growth of oph- 
nic knowledge and the complexity of clinical 
= dictate that ophthalmology residency training 
doe expanded from 3 to 4 years?” The results of 
-tnat servey are shown in Table 4. The authors 
: onnea that there was stronger support for 4-year 
traimng among graduates of small programs and 
among those who practice subspecialty ophthalmol- 
ogy. Hewever, Table 4 shows an almost even split, 
with about 22% of respondents undecided. 
: As recently as 2 years ago, there was only one 
4-year training program in ophthalmology in the 
‘United States; now 5 programs have switched to 4 
ears, and 18 more programs predict they will do so 


‘andatory? 


ship. ihe 1989 ere I a an analysis of 
that oroposal. The proposal is a fascinating one 
becauseit forces us to confront a number of very per- 
sails issues. These include the generic desirability of 
£ ease in the duration of training, some of the 
| PREA empaets of widespread fellowship education, 
~and the interaction between resident and fellow 
training. The very detailed proposal challenges us to 
squarely address many critical issues and assump- 
‘tions of training, its purpose, and its impact. 


RATIONALE 


= he proposal begins by noting that ophthalmology 
raining requires the fewest years of residency in 
g alty of any surgical discipline and that about 








FR of graduating ophthalmology residents take at 
| least 1 additional year of fellowship training. All 
other specialties requiring 3 years of residency are 
- -predomimantly nonsurgical. 
— Following these observations, the proposal asks the 
. obvioes question, “Why should training be length- 
g ened?” ane then makes the statement, “Simply 
-statec. because it would lead to better-skilled oph- 
wists.” Although this has not been proved, 
et probably cannot be proved, it seems to be 
sneral assumption. It appears axiomatic that 
dined payaiman will render better patient 
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uld Postresidency Fellowships 


in the near ates: Thus, despit te ‘the fact that the- 
American Board of Ophthalmology: has not. mandated 
a 4-year training requirement, 23 programs felt the- 
need to change to a 4-year structure. The time to 
change may be now because future Aiba nt fore 


























We thank James G. Ferguson, Jr, MD, South Carolina Eye Insti- ni 
tute, Columbia, for providing background information. E 


Reference 


1. Report of the 1987 Confer ence on Residency AR in ee 
Ophthalmology. Excellence in Residency Edecation: Reexamin 
tion of Product and Process. San Francisco, Calif: American. Aca 
emy of Ophthalmology; 1987. : 


care. This in fact is the core assumption on which the a 
proposal is based. The past decade alone has seen a 
dramatic increase in the scientific literature of oph- 
thalmology. Equally important, the number and so- 
phistication of diagnostic and therapeutic procedures _ 
performed by the ophthalmologist have also bur- < 
geoned. Yet the minimum duration of residency — 
training has not changed. It has therefore become in- _ 
creasingly difficult to structure a residency training _ 
program to include all these new skills and informa- 
tion in an organized, in-depth, and comprehensive 
fashion. i - 
Should the additional year of training be as} 

a residency or as a fellowship year? This is t 
cial structural issue. As part of residency tt 
the additional year’s curriculum and experiences n 
not be confined to a single subspecialty of ophtha 
mology. Not only could the educational scope be mo: 
“comprehensive” but the time could be used to incor- 
porate “nontraditional” elements intothe curricula— 
including topics as diverse as practice management, 
ethics, and biostatistics. us 
The primary rationale offered for mandatory single a 
subspecialty fellowships (rather than an. additional 
residency year) is that most ophthalmolo rj 
tice in groups or in close proximity. 
training theoretically provides ideally 
cians for a group practice environment. The 
tion in such a statement is as fo! : 
ophthalmologist were a subspeci then every. 
ophthalmologist would be an expert n that subspe- ~ 



















































de its walls. This may in fact decrease a 
ctice group’s perceived need to refer outside its 
lls, but it does not necessarily ensure better patient 
There would be a substantial dilution of difficult 
ases to a much larger pool of subspecialty trained 
phthalmologists. Assuming that the number of dif- 
ficult complex cases remained constant, but that all 
ophthalmologists were subspecialty trained (rather 
han the current 40%), there would be on average a 
0% decrease in the number of challenging cases to 
hich each subspecialist was exposed. This therefore 
uld lead to less-experienced subspecialists but not 
essarily to better patient care. This is a trend al- 
eady visible within some communities. 

Concerns are often voiced regarding fragmentation 
nd lack of unity in ophthalmology that might ensue 
ith such a proposal. On the other hand, subspecial- 
ation is the trend in modern medicine and the pro- 
osal poses the question, “Why should further sub- 
cialization stop now?” Subspecialization has in- 
d been the history of modern medicine up to a 
oint. However, such specialization is not a historical 
mperative but is driven by both scientific and eco- 
omic necessity. 

‘Scientifically, there is no evidence to suggest that 
he well-trained graduate of even a 36-month oph- 
halmology program is incapable of rendering quality 
are for most ophthalmologic problems. Certainly, 
ubspecialization exists within ophthalmology to care 
yr problems.” However, not all (and in fact 
the majority of) eye care problems require 
lty training. Economically, with managed 
systems coming to the forefront, economic 
against overutilization of subspecialty 
ich systems place a premium on the com- 
ophthalmologist. 

roposal also implies that subspecialization is 
od and desirable. This disparages the value of the 
prehensive ophthalmologist and argues that bet- 
quality patient care will be rendered if all oph- 
almologists are subspecialists rather than by a mix 
prehensive and subspecialist ophthalmolo- 
! s remains to be proved. If one counters that 
subspecialist would also be providing comprehen- 
ve care, then those physicians are not appropriately 














ng their subspecialty education, nor will they 


n uniformly current and capable in that field. 
; then becomes an argument for a generous mix of 
mprehensive ophthalmologists. The only other op- 
on, an unpalatable one, is to abrogate “routine eye 
re” to nonophthalmologists. 


LOGISTICS 


How would postresidency fellows be selected ac- 
rding to this proposal? “Several institutions would 
int to form consortiums to facilitate placement of 
eir fellows. All fellowship applicants should be 
ched.” The twin concepts of consortiums designed 

ilitate placement and (at the same time) a match 








now it for the residency) are somewhat 
. Both cannot easily coexist. 
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` The proposal then addresses the issue of finding 
fellowship positions. It notes that “If a fellowship 
year is made obligatory, additional slets would rap- 
idly open up.” Such slots must become available if the 
year becomes mandatory. Otherwise, ophthalmology 
becomes a pyramidal training process. A key question 
is, “Where would those programs come from?” Many 
ophthalmologists are already concerned over the 
quality of the fellowship training experience in our 
subspecialties. Increasing the number of those fel- 
lowships would hardly improve the quality and vol- 
ume of clinical patients available to over twice the 
number of fellows. Furthermore, in those programs 
that expanded their fellowship training, the impact 
on residency education could be quite negative with 
regard to access to faculty and patients. 

Matching residents to an obligatory year of fellow- 
ship training (generally at a different institution) 
raises additional questions not addressed by the pro- 
posal. How do we deal with applicants who are not 
successful in the match? What if a large number of 
residents choose a subspecialty area for which there 
are an insufficient number of slots? Are they forced to 
change their subspecialty areas? Do they wait out a 
year to try again? What about those residents who are 
interested in pure research fellowships? An addi- 
tional issue is that of satisfactory completion. What 
about the trainee who performs satisfactorily as a 
resident at institution A but does not perform satis- 
factorily as a fellow at institution B? 

What about control over fellowships? The proposal 
suggests that fellowships should be controlled by the 
department chairman. It then states, “On the other 
hand, the Chairman may very well farm out fellows 
in part to private practitioners of great teaching skills 
and endorse that training.” Control of the entire pro- 
cess leading to board certification should be exerted 
by accredited academic institutions. Such institutions 
possess the administrative mechanisms and re- 
sources to ensure regulatory compliance and educa- 
tional quality. Although there are private practice 
environments where fellows can and do receive excel- 
lent educations, we are concerned that control would 
be difficult in most such extramural experiences. 

The proposal subsequently states, “Quality control 
for the fellowship year would be de facto supervised 
by the Residency Review Committee and the Accred- 
itation Council for Graduate Medical Education.” The 
entire training period must be supervised and the 
fourth year must be approved by the Residency 
Review Committee. However, mechanisms for this 
are not in place, and the heterogeneity of current fel- 
lowship training has made it difficult for subspecialty 
societies to agree on minimum standards for their 
programs. Furthermore, it is doubtful that commu- 
nity-based 1-year fellowship programs, which may or 
may not have a fellow each year, would pass Resi- 
dency Review Committee scrutiny. To avoid Resi- 
dency Review Committee scrutiny would be to have 
the same uncontrolled fellowship situation as we cur- 
rently have—but with even greater problems. 

The proposal comments briefly that “Impact on the 
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programs would be minimal.” This would 
ul aly. L There certainly are institutions where 
y structured and controlled fellowship pro- 
3 cane sr haace the residency training experience. 
ver, this is not always and perhaps is not gen- 
‘erally tne case. Fellows must have intense clinical ex- 
posute. thatæomeæs only at the expense of resident ed- 
S i saturate the system with 150% more fel- 
























dire rec pacha with aie means a major impact 
< on residency education. 

< The prepasal appropriately stresses the need for 
o flexitilit 





y ix arranging the best possible subspecialty 
experience for the fellow. It states that “The Chair- 
Man may want to institute a fellowship in truly com- 
prehensive o ophthalmology.” The department chair- 
an must. kave the prerogative to analyze whether 
his or her department can support subspecialty fel- 
lewship education. However, if comprehensive oph- 
thalmology i as a fellowship option within this pro- 
posal this negates much of the rationale presented 
oe earlier in the proposal for ‘ ‘mandatory subspecialty 
. traimng.” Tas is a critical statement in the proposal 
> because it anples that training a comprehensive 
< ophtEkalmologist mandates an additional year of 
_ trainng, aie it implies that the subspecialty trained 
- ophtkalmaiogist-will be inadequately trained to prac- 
tice aade his er her specialty. Does this then sug- 
„gest that a better system would be a mandatory 
mth residency in comprehensive ophthalmology 
rec, by aptienal subspecialty education? 
garding 7  fiseal implementation, the proposal 









































k sla: a year. It further suggests that “If the fellows 
are gn en junior faculty appointments, bills could go 
ir their name which would facilitate the financ- 
< ing.” This mechanism of financing links the training 
“process to elcnical productivity in a fashion that may 
-= . be neither universally appropriate nor universally 
applicable. Furthermore, it does so at a time when 
-o fundiag-may. be increasingly difficult. The cost of an 
=- additional year of training for those 60% of residents 
who currert.y dc not do fellowships would be $12 to 
























for per year. 
CONSEQUENCES AND CONCLUSIONS 


ae nano im a section entitled “Overall Conse- 
quence 
ety would remain about the same. . . it would lead to 
<an inereasee strength in manpower for all depart- 
ments, partiularly the smaller departments.” We 
` canno comment knowledgeably on the cost to society. 
- It could be eegued, however, that increased subspe- 
-eializetion within ophthalmology would increase the 
cost to society. ‘his has certainly been true within 
| ‘at specia ties of medicine where increasing sub- 
cline ji i oa ager to increased intraspecialty refer- 












nyamost e EE health care systems prefer 
prenensively trained physicians screen all 
yi fore specialty. and subspecialty referrals. 





By becoming nereaali Da etialized, | a 
further erode ophthalmology’s claim and po ition 
the gatekeeper for total eye care. i 

This proposal does nothing to elter the: over 
manpower figures for ophthalmology but would alte 
the mix of 60% comprehensive and 40% subspecia 
ophthalmologists to 100% subspecialty ophthalmolo- _ 
gists. As such, on average, the number of complicated _ 
cases seen by any one subspecialist would be dilutec 
by a factor of 60%. This necessarily would lead to : 
number of insufficiently experienced subspecialist 
attempting to manage complex cases. Current data _ 
indicate that a large percentage of subspecialt; Pee 
trained ophthalmologists do not practice in their- 
subspecialty. Why are more sukspecialists needed‘ 
Furthermore, data indicate that many of these indi- 
viduals practice outside of their subspecialty either 
because of an inadequate patient base or because oi 
personal preference. This then leads to the question 
“Why not provide better-trained comprehensive oph: 
thalmologists who will need fewer subspecialists?’ 
Logistically, therefore, this proposal creates substan. 
tial problems in design and implementation, includ. 
ing the following: (1) determining where the addi. 
tional fellowship positions would arise; (2) developing 
mechanisms for accrediting these mandatory fourth | 
years of training (particularly those outside of aca- 
demic units); (8) assuring a surp.us number of posi. 
tions per discipline (so that each trainee may have: 
opportunity to match in the field of his or her 
(4) dealing with unmatched applicants; ( 
with different evaluations of training perfor1 
different institutions; (6) adverse anc widely 
impact on resident education; (7) incorpo 
search fellowships; and (8) funding dificult 
increased volume of trainees. Fhilosoph 
practically, the proposal has the fcllowi 
drawbacks: (1) less-comprehensive eye health ca 
(2) less clinical experience per sukspecialist, (8) ft 
mentation within ophthalmology, and (4) er 
the ophthalmologist’s position as provider of 
care. 

For these reasons, mandatory fellowship 
appears to be an imprudent soluticn. Disag 
with mandatory fellowship training does not mean 
however, arguing against extending the duration o 
residency training. An increased duration of for 
residency education will probably lead to more kn 
edgeable and skilled ophthalmologists. Whethe r this 
translates to better-quality care depends in large 
measure on whether the training itself has matched 
true eye care needs. Ophthalmologists, particular 
those with leadership positions in residency training 
programs, must continue to critically examine the 
goals and processes of graduate medieal education in : 
ophthalmology. Only by responding te challengesim- _ 
posed by our current educational system, by the sei- 
entific demands of medicine, and by the- changing n 
health care environment will we fulfil! our obligation : 
to trainee and patient alike. 
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hotoretractive keratectomy for the 
) ‘myopia was performed in 32 
green monkeys. The corneas 
stactorily, with normal forma- 
mina and hemidesmosomal 
sible in 14-week histologic 
No recurrent erosions were 
g clinically. After a transient pe- 
nt haze, all corneas were clear at 
seks and remained clear through the 
year follow-up. In terms of accuracy, all 
rneas demonstrated a significant flat- 
ning compared with preoperative val- 
əs, but no significant difference was 
between the groups with different 
inded. corrections (1.5 and 3 diopters). 
hanges in corneal shape stabilized 
veeks, as measured by keratome- 
slinical results suggest that me- 
‘emoval of the epithelium is pref- 
laser ablation of the epithelium. 
Hi, the results demonstrate that exci- 
‘laser ablation of the corneal stroma 
„produce a stable dioptric change in 
primate cornea with good healing and 
erm corneal clarity. 
(Arch Ophthalmol. 1990; 108:40-47) 































j arious forms of refractive surgery, 
including astigmatic keratotomy, 
ratophakia, keratomileusis, kera- 
eusis in situ, keratophakia, ra- 
totomy, and synthetic kera- 
have been area to cor- 


jes, cornea in vivo,'*"® 


One-Year Refractive Results of Central Photorefractive 


and predictability of the correction 
achieved, as well as the quality of 
vision after surgery, may be in- 
adequate.'? Analysis of corneal topog- 
raphy has revealed that, in some cases, 
multifocal optics, decentered tissue 
lenses, and irregular astigmatism are 
the causes of these suboptimal results2 
While these procedures are being de- 
veloped and improved, refractive sur- 
geons continue to seek new and more 
precise methods to correc: refractive 
errors in the human eye. 

In 1983, Trokel et al* demonstrated 
that the far UV light emitted by the 
193-nm excimer laser could be used to 
ablate corneal tissue for refractive 
surgery with minimal thermal damage 
to surrounding tissue. In subsequent 
studies, many investigators employed 
the excimer laser to make radial exci- 
sions in the cornea,*’ to treat corneal 
stromal disease,**? to photoablate the 
crystalline lens,'*"' and to shape donor 
tissue for lamellar keratoplasty." 
We“ and other investigators" 
sought to use the excimer laser to re- 
profile the anterior corneal. contour for 
the correction of refractive error. 

For the correction of myopia, small 
amounts of corneal tissue are removed, 
resulting in flattening of the central 
cornea. This procedure was first re- 
ferred to as photorefractwe keratec- 
tomy (PRK) by Munnerlyn as cited by 
Marshall et al.'* It has been shown that 
excimer laser PRK can achieve a 
change in the dioptric power of the 
but the safety, effi- 
f A E of 












eratectomy for Myopia in the Nonhuman Primate Cornea 


rguerite B. McDonald, MD; Jonathan M. Frantz, MD; Stephen D. Klyce, PhD; Bayardo Salmeron, MD; Roger W. Beuerman, PhD: 
harles R. Munnerlyn, PhD; Terrance N. Clapham; Stephen J. Koons, PhD; Herbert E. Kaufman, MD 


the 193-nm laser, we wanted to de- 
termine whether the method of re- 
moval by the epithelium (laser vs me- 
chanical) prior to ablation of the 
stroma produced any clinically signif- 
icant differences in the postoperative 
results. We report herein the clinical 
results of central PRK with the 193- 
nm excimer laser in nonhuman pri- 
mate eyes during a 12-month period, as 
well as early histologic findings at 14 
weeks after laser surgery. 


MATERIALS AND METHODS 


The 193-nm excimer laser (Twenty/ 
Twenty Excimer Laser System, VISX, Ine, 
Sunnyvale, Calif) produced a beam with 
fluence of 160 mJ/cm’ at an ablation rate of 
5 Hz. A central, wide-area, dish-shaped 
corneal ablation was created by the com- 
puter-controlled, 240-step closure of an iris 
diaphragm located in the beam path.” Ab- 
lated areas were 5 mm in diameter. 

Thirty-two eyes of 16 adult green mon- 
keys (Ceropithecus aethiops) underwent 
central PRK. Half of the eyes received pho- 
toablation consisting of 42 laser pulses de- 
signed to create a 1.5-diopter (D) flattening 
and half received 84 laser pulses designed to 
create a 3-D flattening. The intended cor- 
rection was assigned randomly to the two 
eyes of each monkey. Eight monkeys were 
chosen randomly for mechanical débride- 
ment of the epithelium; the other eight had 
the central epithelium removed by laser 
ablation. 


Preoperative examinations included slit- — 


lamp observations and photography, grad- 





































ing of corneal clarity, optical pachymetry, n 
photokeratoscopy, keratometry readings, 
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optical system (Haag 
zerland). Keratometry 
-keratometer (Amer- 
ilo, NY). Retinoscopy was 
utes after the last of thi ree 






.Pachymetry was pere - 
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aa of E drops i 2. 5% POE hydro- 
_ chloride, 1% -cyclopentolate hydrochloride, 
-and i% tropeeamide) given at 5-minute in- 
‘3 tervals. Photokeratoscopy was done with a 
_ paotoxeratescope (Nidek PKS-1000 Nidek 
Ine, Ealo Alto, Calif), and the resulting 
-photokerategraphs were analyzed with the 
LSU Louisiana State University) Corneal 
Top pog: rapi System.” Corneal clarity was 
: Li a scale of 0 to 4+ (0, clear; 4+, 
` anager). Corneas graded other than clear 
preoperatively were excluded from the 
- study. 

<o At surgery, each monkey was anesthe- 
i tized with an: intramuscular injection of 5 to 


































ae : r 3 
— oie ad i; hee kg of xylazine hideo: 
> -ehleride, as well as endotracheal isoflurane, 
: and paced supine on a stretcher beneath 
-thelaser. The eye was prepared and draped 
n a sterile fashion. A lateral canthotomy 
s performed, and sterile saline solution 
toš mL) was injected retrobulbarly to 
proptose ə the eye, permitting placement of a 
fixation ring..The lids were retracted witha 
Tid speculum. and a modified Thornton fix- 
= ation wing with short (<1 mm), sharp, 
_ curved teeth was placed onto the eye, then 
= beltectto a mevable aperture arm. When the 
= appropriate position was determined, the 
- arm was locked in place. A bubble level at- 
=. tached to the arm enabled the surgeon to 
adjustthe fixation ring precisely horizontal 
and, tius, perpendicular to the path of the 
_. laser beam. A 6-mm radial keratotomy 
5 marker with cross hairs was then centered 
mn the aprile center of the vies and 















(MM. BI 1) BARE the e on the 
< marked 6 mm of central cornea by scrub- 
bing with = blunt-cut cellulose sponge 
co. g@akec in a 4% cocaine and 
© > squeezed almost dry between the fingertips. 
- Other cellulose sponges were used to re- 
- move all debris from the corneal surface. 
For the remaining 16 eyes, the laser was 
used fo remove the epithelium. The dia- 
phragm of the laser-delivered system was 
set to ereate a 5-mm ablation at the corneal 
plane, and the surgeon (M.B.McD.) deliv- 
. ered shots of laser energy manually until a 
change in the luster of the cornea indicated 
that the epithelium had been removed. 
-= Immediately after removal of the epithe- 
- Ham, athe esmputer-controlled iris dia- 
C phragm was programmed to produce either 
~ 15er Dof esrneal flattening. The depth of 
- the ablation was intended to be 12 um below 
- the base of the epithelium for the 1.5-D 
- flattening and 24 um for the 3-D flattening. 
. When stromal ablation was completed, 
_ the eve was irrigated to remove debris; 1% 
< atropine sulfate and gentamicin sulfate 
© ointments were instilled, and 0.15 mL of 
= methytpredrisolone acetate was injected 
< gub-Tenon’s. A partial lateral tarsorrhaphy 
_ was performed to close the eyelids, and 1% 
aime hydrochloride injected into 
and lower lids to a a tempo- 
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examined. Thereafter, the eyes were exam- 
ined at 1, 3, 5, 8, 14, 17, 27, and 50 weeks af- 
ter surgery. Postoperative examinations 
were performed by two cornea surgeons 
who were “masked” as to the intended cor- 
rection and to each other’s results. The 
measurements by the two surgeons were 
averaged. 

In the grading of corneal clarity postop- 
eratively, a clear cornea was one that was 
indistinguishable from an untreated cornea 
by slit-lamp observation. Corneal haze was 
defined as follows: 0.5, trace, barely percep- 
tible haze apparent only to a well-trained 
observer during careful slit-lamp examina- 
tion, does not interfere with vision; 1+, 
slightly more noticeable, but very faint 
haze, does not interfere with vision; 2+, 
more obvious haze, just beginning to inter- 
fere with 20/20 visual acuity; 3+, marked 
haze, interferes moderately to severely 
with good vision; and 4+, completely 
opaque scar, markedly decreases vision. 

Data were analyzed by a general! linear 
model with SAS-PC (SAS Ine, Cary, NC) 
software on a personal computer (IBM 
compatible). 

Fourteen weeks after surgery, two cor- 
neas, one with an intended 1.5-D correction 
and one with an intended 3-D correction, 
were obtained from two different animals 
by penetrating keratoplasty for histologic 
evaluation. The epithelium in both of these 

eyes had been removed by laser ablation. 
Corneal tissue containing the photoablated 
area with a 1- to 2-mm rim of unablated 
cornea was removed by trephination. The 
tissue button was immediately fixed for 
microscopy in a cold (4°C) fixation solution 
containing 2.5% glutaraldehyde, 1% para- 
formaldehyde, and 0.02% picric acid in 0.1 
mol/L of cacodylate buffer at a pH of 7.4 for 
? hours. After further dissection, the tissue 
pieces were stored overnight in buffer at 
4°C, exposed to 2% osmium tetroxide for 2 
hours, passed through alcoholic dehydra- 
tion, and placed in a plastic embedding me- 
dium (Eponate-12, Ted Pella, Tustin, Calif). 
Plastic sections, 1 um, were cut for orienta- 
tion, stained with basic fuchsin and toluid- 
ine blue, and examined by light microscopy. 
Thin sections were double stained with 
uranyl acetate-lead citrate in an automatic, 
programmable staining device (LKB Ul- 
trostainer, LKB, Carlsburg, the Nether- 
lands) and examined by transmission elec- 
tron microscopy (Zeiss EMIOC\A, 
Oberkochen, West Germany). 


RESULTS 


Epithelialization was complete in all 
eyes when the tarsorrhaphies were 
opened 3 days after surgery. All of the 
corneas demonstrated a brief period of 
1+ to 2+ haze in the subepithelial 
layer of the treated area, which did not 
interfere with a crisp red reflex (Fig 1) 
and which resolved completely in all 
cases by 17 weeks after surgery (Fig 2). 
No recurrent erosions or basement 













ments 1to3 stan s 
onstrated aken 


1; Figs 3 aria 5L i in both. “the 1.5- D. 
and 3-D eyes. Although the postopera- — 
tive averages of retinoscopy, keratom- 
etry, and pachymetry measurements: 
in both groups were significantly dif- 
ferent from the preeperative averages, — 
there were no significant differences in... 
the measurements between the 1.5-D 
and 3-D groups. Analysis of corneal 
topography 27 weeks after surgery re- 
vealed regular areas of central flatten- 
ing (Fig 6). Diffeulty in achieving re- — 
peatable alignment and focus of the. 
photokeratoscope made quantitative 
assessment of the ablation in terms. of 
dioptric change unreliable. e 

Corneal flattening regressed, begin- — 
ning after the third postoperative — 
week, according to spherical equiva- 
lents (Fig 3), or after the first postop- 
erative week, according to average. 
keratometry (Fig 43. Corneal flatten- 
ing stabilized after | the zh pe pstoper- 


























tometry (Fig 4); ties values f the igi 1 
mained stable anti the end of the — 
study (50 weeks postoperative). A com- 
parison of retincscopy from week 27 to 
week 50 in 24 eyes showed that fla 
tening changed less than 1 Din 18 co 
neas (2 eyes showed no change), d 
creased 1 to 2.75 D in 5 corneas, anc 
increased 1.5 D in 1 cornea. At the last 
examination of the eyes with. thein- 
tended 1.5-D correction, excimer abla- 
tion had induced about 0.95 D of flat- 
tening by keratemetry and 1.8 yo 
retinoscopy; in the intended 3-D g oup; 
these values were 1.17 D and 219 D,- 
respectively (Table 1). ee 

Central corneal thickness dewa no 
regression or progression after post- — 
operative week £ or 4 (Fig 5). Average 
central corneal thiekness at week 50- 
was the same as at week 3 (0.44 + 0.01- 
mm). be 

Although at 1 year there were eno. 
statistically sigrificant differences be 
tween the eyes deepithelialized me 
chanically or by the laser, in terms 0: 
corneal clarity, retinoscopy, keratom: 
etry, or pachymetry, at all time points 
a greater percertage of the m 
cally deepithelialized eyes were 
+1 D of the intended correctic 
pared with the eves with laser- 
oc ada (Tabi e 21. For insti [i 

























membrane changes were seen by slit- Wate r \echani 


lamp examination. 


The averages of the refractive, kera- i 






of the eyes with laser-ablated epithe- 
lium were within this limitation; this 
difference is statistically significant 
(P < .025). At 50 weeks, the percent- 
ages were 78.6% (11/14) and 58.3% (7/ 
12) for the two groups, respectively; 
this difference is not statistically sig- 
nificant. Similarly, in terms of corneal 
clarity, at 8 weeks after surgery, when 
corneal haze was greatest in all groups 
(Fig 2), the eyes with laser-ablated ep- 
ithelium (Fig 2, B and D) showed a 
statistically significant increase in 
haze (average, 2+; a level that might 
interfere with vision) compared with 
the group with mechanically removed 
epithelium (average, 1.5+, not likely 
to interfere with vision) (Fig 2, A 
and C). 

No statistically significant astigma- 
tism was induced by the laser surgery, 
as determined by retinoscopy (Fig 7); a 
modest although statistically signifi- 
cant (P = .0001) amount of keratomet- 
ric cylinder (0.90 + 0.15 D) was 
present at 50 weeks. 


Histologic Findings: Eyes With Intended 
1.5-D Correction 


Histologic evaluation of the cornea 
with the intended 1.5-D correction ob- 
tained 14 weeks after surgery demon- 
strated that Bowman’s layer was ta- 
pered at the margin of the ablated area 
by the action of the laser. The depth of 
the excision centrally was approxi- 
mately 20 wm beneath the surface of 
Bowman’s layer, the basal lamina (Fig 
8). Within the ablated area, the epi- 
thelium demonstrated a well-defined 
layer of columnar basal cells. The ep- 
ithelium in the ablated zone was one or 
two cell layers thicker than the epi- 
thelium outside the ablated zone. 
Transmission electron microscopy re- 
vealed the presence of a unilaminar 
basal lamina with mature hemidesmo- 
somes and anchoring fibrils (Fig 9). 
The stroma beneath the layers of an- 
terior fibroblasts appeared to be nor- 
mal. A few fibroblastic cells were ob- 
served in the anterior stromal layers 
in the periphery of the treated area. 
Greater numbers of fibroblastic kera- 
tocytes were seen in the central cornea; 
in some central areas, four layers of 
fibroblasts were seen immediately be- 
neath the anterior corneal surface. 
The stromal surface of the ablated 
area was regular. There were some 
low-frequency undulations in the cen- 
tral area (Fig 8, right, and Fig 9); the 
amplitudes of these changes were in 
the range of 3 to 5 um and had no de- 
tectable effect on the organization of 
the epithelium. The posterior stroma, 
Descemet’s membrane, and the endo- 
thelium appeared to be normal. 
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Fig 1.—Red reflex in an eye 60 days after a 3-diopter attempted correction. The cornea is clear. 
The optical zone is visible as a change in the light reflex of the central cornea. 
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Fig 2.—Corneal clarity to 50 weeks after laser surgery. Clarity was graded on a scale of O (clear) 
to 4+ (opaque) by two independent observers. A cubic spline curve (best fit) is drawn through the 
points. A, The 1.5-diopter (D) group, mechanically removed epithelium; B, 1.5-D group, laser-ab- 
lated epithelium; C, 3-D group, mechanically removed epithelium; D, 3-D group, laser-ablated ep- 
ithelium. In all groups, there was a period of trace to 2+ subepithelial haze through 17 weeks after 
surgery. Thereafter, all corneas remained clear throughout the 1-year follow-up. 


Histologic Findings: Eyes With 3-D 
Intended Correction 


The cornea with the intended 3-D 
correction demonstrated an ablation 
of approximately 15 um below the 
basal lamina (Fig 10). As described 
above, Bowman’s layer was tapered 


from the periphery of the wound to a 
smooth central wound bed. Deviations 
in the evenness of the stromal surface 
of the epithelium ranged from 3 to 5 
um. As in the 1.5-D specimen, the 
keratocytes were concentrated in an 
area 20 to 30 um beneath the epithe- 
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> 


Preoperative 
(n = 16) 


Measurement 
Retmoscopy, D 


Keratometry, D 


Pacnymetry, mm 


1.5 D Intended 


+1.89 + 0.20 
P= 0001 
55.17 + 0.63 
P = .0490 
0.44 + 0.03 
P = .0001 





3 D Intended 


Preoperative 
(n = 16) 

+2.19 + 0.18 
P = .0001 

55.18 + 0.45 
P = .0188 


0.43 + 0.01 
P = .0001 


56.35 + 0.45 


0.50 + 0.01 


*D indicates diopter. P values are probabilities of greater mean differences between 50-week measurements and preoperative measurements. There were no signif- 
icant differences between the 1.5-D and 3-D groups in any of these measurements. Values are means + SEs. 


Fig 3.—Mean (+ SEM) retinoscopy measure- 
ments over a 12-month period of follow-up. All 
measurements were made by two independent 
observers masked as to the intended correc- 
tion and the results of the other observer. The 
resultssof the two observers were averaged. At 
all postoperative time periods, the values are 
significantly different from preoperative values, 
but the 1.5-diopter (D) and 3-D groups are not 
significantly different from each other. 


Fig 4.—Average (+ SEM) keratometry read- 
ings over a t2-month period of follow-up. At all 
postoperative times, the values are signifi- 
cantly different from preoperative values, but 
the 1.5-diopter (D) and 3.0-D groups are not 
significantly different from each other. 
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Fig 5.—Average central corneal thickness from optical pachymetry measurements over a 
12-month period of follow-up. At all postoperative times, the values are significantly different from 
preoperative values, but the 1.5-diopter (D) and 3.0-D groups are not significantly different from 


each other. 


lium, but unlike in the 1.5-D specimen, 
they were distributed homogeneously 
from the center to the edge of the 
treated area. Posterior to the layer of 
anterior stroma having increased 
numbers of keratocytes, the stroma 
appeared to be normal. Keratocytes in 
the deep stroma of the central cornea, 
_ beneath the ablated area, appeared to 
be normal. 

In 1.5-D and 3.0-D specimens, mea- 
surement of the central depth of the 
ablated area was carried out with an 
optical reticule at X400 magnification. 
The results showed that the depths of 
the ablations in the two groups were 
within 5 um of each other. However, 
these measurements must be consid- 
ered approximate, because there are 
unknown changes in the tissue and no 
reference marks were made prior to 
fixation. The similarity in central 
depth is reflected in the lack of signif- 
icant differences in the refractive cor- 
rections in the two groups of eyes. 


COMMENT 


In this study, we examined four as- 
pects of excimer laser refractive sur- 
gery: healing, corneal clarity, accuracy 
of induced dioptric change, and stabil- 
ity of effect. The results indicate that 
the anterior surface of the ablated 
cornea heals satisfactorily after PRK 
(Fig 1). Normal formation of the basal 
lamina and hemidesmosome forma- 
tion in the histologic specimens at 14 
weeks (Fig 9) correlate well with the 
lack of recurrent erosions seen clini- 
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cally. These observations show that 
the epithelium heals successfully over 
the ablated stromal surface and that 
recurrent erosions are not a problem 
after Bowman’s layer is removed by 
the laser. In addition, there is a return 
of unilaminar basal lamina with the 
attendant attachment complex. Im- 
munohistochemical studies for colla- 
gen synthesis in these corneas are in 
progress. 

In terms of corneal clarity, the an- 
terior stroma beneath the ablated area 
demonstrated a transient period of 
faint, reticulated haze (Fig 2) that may 
correspond to the presence of fibro- 
blastic keratocytes beneath the epithe- 
lium in the 14-week histologic speci- 
mens (Fig 9). By 1 year, however, all of 
the corneas were graded clear (Fig 2), 
that is, indistinguishable in clarity 
from untreated corneas. 

The retinoscopic and clarity data 
suggest that mechanical removal of 
the epithelium is superior to laser ab- 
lation of the epithelium. Although the 
average spherical equivalents of the 
two groups are not significantly dif- 
ferent, there are more eyes within 1 D 
of the intended correction at all post- 
operative examinations in the group 
with mechanically removed epithe- 
lium (Table 2). In addition, although 
all eyes are essentially clear at 17 
weeks, the group with laser-ablated 
epithelium shows more haze at 8 weeks 
than the mechanical removal group. 
Our histologic data suggest that the 
depth of the ablation may be less 


accurate when the laser is used to ab- 
late the epithelium, although the lim- 
its of accuracy of these measurements 
preclude any definitive statement on 
this point. It is also known that the er- 
rors caused by beam nonuniformity 
are enhanced by the additional depth 
of ablation required to ablate the 
epithelium.” Finally, mechanical re- 
moval of the epithelium means that 
the patient spends less time exposed to 
the laser beam, which means less time 
for inadvertent eye movements that 
might adversely affect the correction. 
In all, it appears that mechanical re- 
moval of the epithelium prior to laser 
ablation of the stroma is preferable to 
laser ablation of the epithelium and is 
the technique that is likely to yield the 
best postoperative clinical results in 
the human eye. 

The accuracy of the correction was 
only approximate. We attempted to 
create 1.5 and 3 D of corneal flattening 
that resulted in induced hyperopia 
ranging from +0.88 D to +3.25 D at 50 
weeks in these originally plano mon- 
key eyes. Although the corneas were 
significantly thinned and flattened by 
PRK (Figs 3 through 5), there was no 
significant difference between the 1.5- 
and 3-D groups 1 year after PRK 
(Table 1). We did see a nonsignificant 
trend toward greater central thinning 
and flattening in the 3-D eyes com- 
pared with the 1.5-D eyes (Fig 3). The 
absence of a significant difference be- 
tween the 1.5-D and 3-D eyes may re- 
flect one or more factors: lack of diop- 
tric accuracy in the laser program, 
enhanced measurement error in sur- 
gically altered corneas, and/or en- 
hanced measurement error in sedated 
animals that cannot fixate on a target 
light. 

The keratometry readings stabilized 
17 weeks after PRK (Fig 4), although 
the retinoscopy readings did not sta- 
bilize until 27 weeks postoperatively 
(Fig 3). The initial overcorrection may 
be the result of the new, thin epithelial 
layer, which, before it achieves normal 
thickness, may cause the keratometry 
readings to be abnormally flat and the 
retinoscopy readings to indicate over- 
correction. We cannot explain why the 
keratometry readings stabilize earlier 
than the retinoscopy readings. It may 
be that keratometry readings are less 
reproducible and repeatable in sedated 
monkeys than the retinoscopy mea- 
surements, and the actual stabiliza- 
tion rate measured by keratometry is 
obscured in the variability in the 
readings.” 

In summary, the overall results of 
these studies in monkey eyes demon- 
strate that excimer laser PRK can be 
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Fig 5.—Color-coded corneal contour map of surface powers of a cornea with an attempted 1.5-diopter (D) correction. The 
epithelium was removed mechanically. The map was made with the LSU (Louisiana State University) Cormeal Topography 
System 27 weeks after photorefractive keratectomy. A uniform area of central flattening is represented by the deep blue color. 
It was not possible to analyze the central (1.5-mm diameter) corneal topography because of the geometry of the keratoscope. 
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Table 2.—Percentage of Eyes Within 1 Diopter (D) of Intended Correction Over 1 Year* 








Mechanical Removal of Epithelium Laser Ablation of Epithelium 
Weeks 72 ————_ SL 
After Surgery n +1D % of Eyes n +D % of Eyes 
1 5 5 100.0 O 0 i 
16 rs 16 4 


43.8 25.0 
5 16 11 68.8 16 10 62.5 
14 7 50.0 14 6 42.9 


17 14 8 57.1 12 6 50.0 
27 14 9 64.3 11 4 36.4 
50 14 11 78.6 12 7 58.3 


* Minus sign indicates not done. The difference was significant at 27 weeks (P < .025) but not at 50 weeks. 


3.00 
*--* K Cyl 
Q@—©Ə© Ref Cyl 
2.00 
2 
2 “~. 
Q y eA. 
O i “PAES 
-= i Zaj ie TA 
i N ey ia Fig 8.—Left, Cornea with attempted 1.5-di- 
1.00 i t a eo opter correction obtained 14 weeks after sur- 
: VIS Sa Bale ones gery. The ablation of Bowman's layer is ta- 
f Y4 e pered at the margin of the excision. Several fi- 


i brinoblastic keratocytes are visible in the 
i periphery beneath the treated area. The epi- 
thelium is stratified and one to two cell layers 
thicker than the epithelium in the peripheral ar- 


0.00 ees ee pe ee a ee Te ee ee a eas that were not treated with the laser (light 


microscopy, basic fuchsin and toluidine blue 


9 hi a D id a stain, X167). Right, Central area of the same 

cornea as in Fig 8, left, illustrating the same 

Time, Postoperative Weeks amplitude of the deviations of the stromal sur- 

Fig 7.—Astigmatism determined from retinoscopy and keratometry over a 12-month period of fol- face. These changes did not interfere with the 
low-up. K Cyl indicates keratometric cylinder; Ref Cyl, refractive cylinder. epithelial organization or the development of 


the basal lamina (light microscopy, basic 
fuchsin and toluidine blue stain, original mag- 
nification X64). 
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Fig 9.— Same specimen as in Fig 8. The basal 
lamina is unilaminar. Numerous hemidesmo- 
somes connec? the basal cells to the stroma by 
means of anchoring filaments. Fibroblastic 
keratocytes are seen in the anterior stroma 
(transmission electron microscopy, original 
magnification 4000). 


used to produce a stable dioptric 
change in the primate cornea with 
good healing and long-term corneal 
clarity. To maximize dioptric accuracy 
and improve postoperative corneal 
clarity, it appears that mechanical re- 
mova! of the epithelium prior to stro- 
ma! ablation is superior to laser abla- 
tion of the epithelium. Further studies 
in blind, partially sighted, and normal 
myopic human eyes are in progress to 
examine the potential clinical applica- 
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Fig 10.—Cornea with an attempted 3-diopter correction 14 weeks after phetorefractive keratec- 
tomy. This section crosses the radius of the wound bed. The wound bed is smooth. The epithelium 
over the wound bed is one to two cells thicker than the peirpheral epithelium over untreated areas. 
There are several layers of loosely distributed fibroblastic keratocytes anterorly, just beneath the 
epithelium (light microscopy, basic fuchsin and toluidine blue stain, origina magnification X64). 


tion of this new refractive surgical 
procedure. 
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three patients who had double-per- 
ig ocular shotgun injuries, a single 
shotgun pellet apparently frag- 
ted after striking the eye, resulting in 
arate intraocular impact sites. The 
ance of detecting double-per- 
geye injury and becoming aware of 
ential complication with ocular 
gun injuries is emphasized. 

A reh ' Opathaimal 1990; 108:48-50) 


eode authors have documented 
the severe nature of double-perfo- 
ting ocular shotgun injuries and the 
proved prognosis of this injury with 
‘itrectomy. 'S However, there are no 
evious reports, to our knowledge, of 
single-perforating pellet fragment- 
on impact with the eye, resulting in 
than one exit wound. We treated 
patients with ocular shotgun 
ellet injuries in which a single lead 
hotgun pellet apparently fragmented 
er perforation, resulting i in two sep- 
rate intraocular impact sites. 


REPORT OF CASES 


4 “ASE E eA 14-year-old boy was acciden- 
il iot with No. 6 birdshot while hunt- 
‘he patient described his distance from 
unting. partner as “far away.” On 
-he had multiple penetrating 
“ight side of his head, orbits, 
Iso suffered multiple pene- 
to the right arm. His vision 
) ception i in each eye. Both eyes 
ating i injuries. The left eye had a 
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ment. of Ophthalmology and 


iversity of Louisville School of | 

Ky. esearch Institute. TE 
kv Lions s Eye a tient. was approximately 10 m away from 
| his hunting partner when shot and sus- 
| "tained. multiple penetrating i injuries to his 














etrating Pellet Fragmentation 


lication of Ocular Shotgun Injury 


2-mm corneoscleral laceration at the lim- 
bus in the 8-o’clock meridian. A metallic 
intraocular foreign body was present in the 
angle of the left anterior chamber at the 3- 
o'clock meridian. Vitreous hemorrhage pre- 
cluded posterior segment examination. 

Skull roentgenograms demonstrated 
multiple metallic fragments in the subeu- 
taneous tissue of the face and orbits. A 
computed tomographic sean of the orbit 
and head revealed only a single metallic 
fragment in the anterior chamber of the 
left eye. 

One day after the injury, the patient un- 
derwent repair of the corneoscleral lacera- 
tions in both eyes. In the left eye, the cor- 
neoscleral perforation was sutured and the 
intraocular foreign body extracted from the 
anterior chamber. This lead fragment had 
been deformed by the force of impact and 
was no longer spherical. Examination of 
the sclera posteriorly in each of the four 
quadrants revealed no apparent posterior 
perforation sites. By the following month 
visual acuity had improved to 20/70 OS, but 
the ophthalmoscopic examination demon- 
strated a site of posterior perforation infe- 
riorly in the 7-o’clock meridian with vitre- 
ous blood in the same area. It appeared that 
the original pellet fragmented into two 
pieces on impact at the limbus. One piece 
had lodged in the angle of the anterior 
chamber at the 3-o’clock meridian while the 
other piece impacted with or perforated the 
posterior pole inferiorly at the 7-o’clock 
meridian (Fig 1). The patient subsequently 
underwent two separate vitrectomy and 
scleral buckling procedures for recurrent 
retinal detachment as a result of progres- 
sive intraocular fibrosis. At the time of the 
last examination, 4 years after the initial 
injury, the patient had visual acuity of 
20/30 OS and the retina was attached. 

CASE 2.—A 23-year-old white man was 
shot. accidentally by a hunting partner with 
No. 6 birdshot in November 1985, The pa- 


abdomen, chest, neck, and right side of the 

face. The patient's visual acuity was light: 
perception in the right eye and 20/20 OS: On 
slit-lamp examination of the right eye, a 
penetrating injury was found at the cor- 
neoscleral junction in the 3-o’clock merid- 

ian, associated with a traumatic iridectomy 
in the same meridian. Hyphemain the right. — 
anterior chamber precluded visualization 
of the lens as well as an ophthalmoscopie 
examination of the right eye. 

The patient was taken to the operating 
room the same day, and the corneosclera] 
laceration was repaired. Exploration of the 
globe posteriorly in all four quadrants re- 
vealed a single posterior perforation site 
inferonasal to the optic nerve. 


Three weeks later, the patient’s visual — 


acuity was 20/400 OD and 20/20 OS. On — 
ophthalmoseopic examination of the right . 


eye, we found a foreign-body impact site 


posteriorly inferonasal to the optic dise. 


However, another perforation site was de- © 


tected in the 9-o’clock meridian. Vitreous 
strands connected both exit wounds to the 
entrance wound. It appeared as though the 
largest fragment had exited inferonasal to 
the optic dise, while a second fragment 
crossed the eye and exited temporally in the 
region of the lateral rectus muscle (Fig 2). 

The patient’s vision improved steadily in 
the right eye; a conservative approach was _ 
taken. Three and a half months after the — 
injury, however, a rhegmatogenous retina! 
detachment had developed. The following _ 
week the patient underwent a vitrectomy 
and scleral buckling procedure with en- 
dophotocoagulation of the right eye. The fi- 
brovascular membrane crossing the vitre- 
ous cavity was divided and a giant retinal 


tear was discovered inferiorly when vitre- 
ous blood covering the area was removed. ~ 


Fluid gas exchange and endophotocoagula- a 

tion was used to repair this retinaltear. The 

patient had recurrent intraocular fibrous — 
fe 








proliferation postoperatively with anterior 
loop on and a cyclitic membrane. For 
thi the patient underwent a second 


Ly, a lensectomy with membrane P 
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Fig 1.—The left eye (A) of patient 1. The pellet 
apparently fragmented after impact at the lim- 
bus im the 8-o’clock meridian. One piece 
lodged in the anterior chamber angle. The sec- 
ond pece perforated the posterior pole inferi- 
orly im the 7-o’clock meridian. B shows the 
ophthalmoscopic view of the impact site. 


peeling, and a repeated endophotocoagula- 
tion in May 1986. The patient’s visual acu- 
ity av last examination was 20/200 OD, 1 
year after the initial injury. 

Case 3.—A 22-year-old man was shot in- 
tentionally with No. 4 birdshot from a 
stated distance of approximately 35 m. He 
sustained multiple penetrating wounds to 
the face, neck, arms, shoulders, and trunk. 
At tae initial examination in February 
1986, the patient’s vision was light percep- 
tion in the right eye and hand motions at 2 
ft in the left eye. Both eyes had sustained 
apparent perforating injuries. The slit- 
lampeexamination revealed hyphema in the 
righteye, while the left eye had a clear cor- 
nea, mtact iris, and clear lens. Ophthalmo- 
scopi examination of the right eye revealed 
commotio retinae superiorly and vitreous 
blooc inferiorly. There were folds in the in- 
ferotemporal retina. An ophthalmoscopic 
examination of the left eye revealed free- 
floatmg tissue within the vitreous cavity 
and vitreous blood that prohibited visual- 
izatien of the optic disc. 

A computed tomographic scan obtained 
preoperatively identified numerous metal- 
lic fragments lodged in the soft tissues of 
the scalp and face. Numerous fragments 
wereseen in both orbits, but none were be- 
lieved to be-intraocular. The presence of in- 
traoeular air confirmed that both globes 
had deen disrupted. 

Or examination of the left eye in the op- 
erating room that same day, there was a 3- 
mm scleral perforation at the 7-o’clock me- 
ridien approximately 4 mm posterior to the 
limbus. This injury was closed. Two exit 
wounds were discovered in the same me- 
ridian posteriorly very close to the optic 
nerve afterexamination of the sclera in the 
posterior four quadrants. It appeared that 
the penetrating pellet fragmented on im- 
pact and created two exit wounds posteri- 
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Fig 2.—The right eye (A) of patient 2. A single 
pellet apparently fragmented after striking the 
limbus at the 4-0’clock meridian. One fragment 
exited inferonasal to the optic disc; a second 
fragment exited in the region of the lateral rec- 
tus muscle. B shows the ophthalmoscopic view 
of the impact sites. 


orly, nasal to the optic dise (Fig 3). These 
wounds were surgically closed, but primary 
vitrectomy was not performed. 

The patient developed a traction retinal 
detachment in the left eye, which required 
vitrectomy and membrane peeling 1 month 
after the injury. The surgery was techni- 
cally successful and the retina was reat- 
tached. 

On last examination in April 1988, the 
patient’s vision was 20/400 OS, 2 years af- 
ter the initial injury. 


COMMENT 


Ocular shotgun injuries represent a 
small subset of ocular trauma cases 
and do not occur with great 
frequency.'**’ During a 4-year period 
in Alabama, Morris and colleagues’ 
reported that of 882 serious eye inju- 
ries, 32 were ocular shotgun injuries. 
Roden and coworkers’ reported 4 new 
cases of ocular shotgun injuries per 
year of a population of 3.8 million in 
Ireland. 

Although these injuries do not occur 
with great frequency, their effect on 
vision can be devastating. In 1976, 
Drummond and Kielar’ described 20 
patients with double-perforating shot- 
gun injuries; only 15% of the patients 
recovered visual acuity of 20/400. More 
recently, Morris and coworkers’ re- 
ported that in 22 patients with double- 
perforating shotgun injuries, 43% had 
a final vision of no light perception. 

The use of vitrectomy has improved 
the prognosis for shotgun injuries. In 
one report, 53% of patients with dou- 
ble-perforating injuries achieved final 
visual acuity of 5/200 or better with 
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Fig 3.—The left eye (A) of patient 3. The pellet 
impacted at the limbus in the 7-o’clock merid- 
ian. Two exit wounds nasal to the optic disc in 
the same meridian were present. B shows the 
ophthalmoscopic view of the impact sites. 


vitrectomy.’ Similarly, Morris et al? 
reported that 41% of their patients 
with ocular perforetion from shotgun 
pellets achieved visual acuity of 20/400 
after wound repair and vitrectomy. 

The ability of shotgun pellets to 
perforate or damage the globe depends 
on the energy witk which they strike 
the globe. This, in turn, is related to 
many different faccors, including dis- 
tance, temperature, powder load, shot 
size, shot weight, end gauge. Velocity 
decreases with inereasing range and 
decreasing size o? shotgun pellets. 
Number 6 shot (3 mm) fired from a 12- 
gauge shotgun has a muzzle velocity of 
394 m/s and will penetrate a block of 
20% ballistic gelatm to a depth of 5 cm 
when fired from « distance of 30 m 
(E. I. Herring, Remington Arms Co, 
written communmation, April 17, 
1989). This explains, in part, the abil- 
ity of shotgun pellets to perforate the 
eye at close range. There are, however, 
documented cases of ocular perfora- 
tion from shotgun pellets at distances 
as great as 90 m.‘ 

Shotgun pellets normally do not 
fragment on impact (E. I. Herring, 
Remington Arms Co, written commu- 
nication, April 17, 1989). In our three 
patients, one shotgun pellet entrance 
wound was accompanied by two sepa- 
rate intraocular impact sites or by two 
exit wounds. It is possible that either 
the temperature or force vectors at the 
time of impact caused the pellets to 
fragment into twc pieces in these pa- 
tients. It is also pessible that the pel- 
lets first struck the bones of the face or 
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tomography is often use- 
izing foreign bodies that 
perforate the eye, but it 
Ipful in two of our three 
patient, multiple bilat- 
tal pellets and intraocular air 
gnosis of possible pellet 
ion difficult, and in the 
ient who underwent com- 
graphy one intraocular 
as readily seen but a sec- 
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pe trasonography be 
- demonstrating a hemorrhagi 
| through the vitreous cavity or aposte- 
rior exit wound in eyes with penetrat- 


ing injuries, and should be employed in 
eyes with opaque media.*" We feel 
that awareness of this potential com- 
plication is the most important factor 
in its detection. 

In each of our three patients, the 
nature of the injury was not recog- 
nized at the time of the initial wound 
repair, and each patient developed sec- 
ondary retinal detachment. Other in- 
vestigators have demonstrated that 
double-perforating injuries consis- 
tently lead to traction retinal detach- 
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We stucied the size, shape, and con- 
guration ofconnective tissue of the optic 
on norma: eye-bank eyes from 60 

s. The mean vertical and horizontal 
i Hames were 1.88 and 1.77 mm, 
- respectively. These figures are larger than 
most estimates of disc diameter using 
clinical image analysis methods. Within 
_ cur semple, arger eyes did not have larger 
-discs The rormal variation in disc diame- 
n ter issufficient to explain the normaj vari- 

in cup-disc ratio. The optic discs of 
“were larger and more oval than 
whites, though the axial lengths of 
ix fhe two groups were not 
antiy different. Women’s eyes and 
were smaller than those of men, 
poss bly explaining the smaller cup-disc 

tion women: Larger optic discs and op- 
-Be narves hawe more optic nerve fibers 
: than alo smäller discs and nerves. Oblique 
“insertions ef the disc were detected in 
| 318% of eyes. These were predominantly 
. entered is the inferior disc and were 
- more common in white women. 
(Asch Opsthalmel. 1990;108:5 1-57) 





“he size of the optic disc may play a 
le in the pathogenesis of some 
ders, while it explains the disc 
arance ia others. Disc diameter is 
ler than normal in eyes with disc 
~drusen, nonarteritic ischemic optic 
E neuropathy, and pseudopapilledema. re 
- Theclise is large in megalopapilla’ and 
| enlarges i ia some eyes with congenital 
glaucoma.*'* In glaucoma, internal 
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Size and Shape of the Optic Disc in 
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disc structure clearly relates to the 
pattern of optic nerve fiber loss.” It has 
been unclear whether dise diameter 
per se is an important variable in 
glaucoma damage. 

With retinal image analysis, mea- 
surements of the normal dise diameter 
vary substantially. One histological 
study suggested that the diameter of 
some normal dises is twice that of 
others.” In the present report, detailed 
measurements of disc dimensions and 
configuration in fixed tissue are corre- 
lated with the axial length of the globe 
and with the age, race, and sex of the 
donor. Since one major determinant of 
the clinical cup-disc ratio is the diam- 
eter of the disc, these data may be rel- 
evant to normal differences in this 
measure among patient groups. For 
example, blacks have been reported to 
have larger cup-disc ratios than 
whites.'* Our data show that the larger 
cups in blacks are a result of larger disc 
size, not fewer nerve fibers. 

Jonas et al, >!" using image analy- 
sis, compared clinical estimates of dise 
size with anatomic disc size in a sepa- 
rate series of postmortem eye mea- 
surements. The two sets of data were 
in closer agreement than in previous 
reports. It is important to know 
whether clinical photographic tech- 
niques accurately reflect actual dimen- 
sions of retinal objects. We compared 
a large series of measurements in post- 
mortem eyes with previous literature 
and with image analytic methods, In 
addition, we included the postmortem 
measurement of two optic discs with 
the planimetric estimates of disc size 
from clinical photographs of the same 
two eyes prior to enucleation. 


MATERIALS AND METHODS 

















































considered norma: if tae family told the. 
bank technician that zhere was ne t 
of ocular disease and $ we found no visible 
evidence of previous ocular surgery, no 
inal disease, and an mtact optic nerve by 
light microscopy. We included eyes with 
mild drusen and cebbl«stone and peripheral 
cystoid degeneration in the normal cate- 
gory, but excluded those wit diabetic 
retinopathy. PEAT ; 

A cannula was inserted m each: fixed 
eye and connected to g reservoir at a height. 
to produce intraceular pressure of 15 mm 
Hg. The axial length was measurs 
nearest 0.1 mm with a caliper who 
were placed at the certer of the ¢ 
at the estimated scleral position 
the fovea (judged by the inferi 
muscle insertion and disc). The avera 
three measurements was recorded. A 
tic nerve cross section was removed 
mm posterior to the globe, postfixed 
osmium tetroxide, ara embedded 









































No... of 
Persons 










All donors * 





Whites 33 
Blacks 23 






Men 23 
Women BS 
“Race and sex cifferences were i 
P> 05. 

















R eyes ED 
L eyes 5B 
Whites 36 
Blacks es 







Eye-bank eyes of adults were obtained (eee “A a 


after fixation in buffered formaldehyd 


from 1 to 24 hours after death. Eyes were 
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One-mieron sections were stained 
toluidine blue and examined by light 
opy. The optic disc was removed 
-mim rim of surrounding sclera that 
y med to identify the superior pole. 
: was removed from the dise. With 
immersed in fixative, the vertical 
ontal dise diameters were mea- 
ng a dissecting microscope eye- 
crometer, again recording the 
mean of three readings. The limit of the disc 
was taken as the termination of 
uch’s membrane. There is often, but not 
ways, a flange of scleral tissue that ter- 
aS. beyond the end of Bruch’s mem- 
rane. In clinical measurements, the edge 
f this scleral flange is often used to mark 
he r border of the disc. However, not 
eye have this feature, and in some it is 
multiple ledges. The termi- 
s membrane is a more reli- 
r measurement of diameter. 
this may have on the compar- 
al and postmortem measure- 
ë ussed below. 
Each specimen was then subjected to a 
trypsin digestion procedure” that removed 
the ie dise neural tissue. The central 
vessel remnants were excised with 
issors. Specimens were dried by a 
cal-point method and shadowed with 
old-palladium for examination by scan- 
-electron microscopy. Each dise was 
asured vertically and horizontally 
“om nie of the microscope and 








re Roe for determination of repro- 
i ty, ate 1 SD pao 10 measure- 




















52 Arch Ophthalmol—Vol 108, 


Os: |: ae 


Axial Length, mm 


he: distribution of axial lengths of 60 normal right eyes. The 
ngth of 24.1 mm is similar to previously reported values. Note 
2 of eyes with axial lengths greater than 27 mm, indicating 
person with axial myopia appears to be included. 
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No. of Mean + SD 


tP is two-tailed probability, / tests. 


serted nerve heads.” The center and the ex- 
tent of the zone of oblique insertion were 
noted and measured in clock hours. 

Optic nerve heads of two additional eyes 
that had iris-ciliary body melanema with 
secondary glaucoma were photographed 
immediately prior to enucleation. Both eyes 
were from middle-aged women. Each eye 
had advanced glaucoma injury with large 
cup-dise ratios and moderate to severe vi- 
sual field loss as determined by automated 
perimetry. The stereophotographs were 
used to estimate the dise dimensions by 
planimetrice methods." Corrections for 
magnification used the actual keratometric 
and axial length measurements of these 
eyes obtained before enucleation. The dises 
were measured under the dissecting micro- 
scope by the method outlined above. 


RESULTS 


‘he 60 normal persons had a mean 
age of 66.5 years (Table 1). There were 
36 white and 24 black donors; 29 were 


~~ men and 31 were women. The mean 

A _ ages did not differ significantly by race 

Tr Sex. (P > .05, t tests). There were no | 
ificant differences between mean — 





E for right and left eyes in axial 








Persons Vertical Diameter, mm 
R eyes 60 1.87 + 0.17 EESE 
L eyes 58 1.88 + 0.19 
Whites PNA 36 1.82 + 0.15 
Blacks 24 1.96 + 0.16 
Men 29 1.89 + 0.14 
Women 31 1.86 + 0.19 


“All are right eyes except group marked left eyes. 


1.9 2.1 
Vertical Disc Diameter, mm 


Fig 2.—The distribution of vertical disc diameter in 60 normal eyes, 
measured at the dissecting microscope. The mean diameter was 1.88 
mm and the distribution appears generally gaussian, despite a dip near 
the peak, 
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length, disc dimensions, ovalness, or 
proportion with oblique insertion. For 
example, for axial length, only three 
right/left pairs differed by more than 
5%. 

The mean axial length was 24.1 mm 
for the entire group (Table 2). The dis- 
tribution of axial length for right eyes 
was relatively unimodal (Fig 1). While __, 
the axial lengths of the eyes of blacks 
were slightly shorter than those of 
whites, the difference did not achieve 
significance. Women had a smaller 
mean axial length than men. In the 
latter two comparisons, only the right 
eye from each individual was used. 

The disc diameter data presented 
here were derived from fixed tissue 
prior to trypsin digestion (Table 3). . 
Mean vertical disc diameter was 1.88 
mm and mean horizonta! diameter 
1.77 mm. The distribution is show 
Fig 2. Blacks had a aioe meant 
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Fig 3.— Scanning electron micrographs of four normal right eyes illustrating the variety in disc size. 
The disc of a black man (top left) with a vertical diameter of 2.2 mm, compared with the 1.6-mm 
disc of awvhite woman (top right). A disc from a man (bottom left) with dimensions of 1.80 mm ver- 
fically and 1.55 mm horizontally compared with a disc of a woman (bottom right) measuring 1.85 
mm vertically and 1.60 mm horizontally (original magnification X 54). 


was numerically larger. Women had 
almest the same mean vertical disc di- 
ameter as men, but their discs were 
significantly narrower (Table 3). When 
the vertical diameter was divided by 
the horizental diameter to estimate 
the degree of ovalness, blacks and 
women had more oval discs than 
whitessane men (Table 4). Preparation 
for scannimg electron microscopy led 
to an average shrinkage of 21%, but 
the relative sizes of discs in each group 
did not change. 

Axial length was not significantly 
related te age in these adult eyes, 
though there was a slight trend for 
eyes to be smaller by 0.18 mm per 
decade (linear regression, r=.2, 
P> .05). There was also no consistent 
relationship between age and vertical 
or horizontal disc diameter (r <.2, 
P > .05). Likewise, axial length of the 
eye was not significantly related to 
vertical ar horizontal disc diameter 
(r< 2 P> Db). 
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Oblique insertions were noted in 13 
discs of 11 persons, representing 11% 
of eyes and 18% of individuals (Fig 4). 
Nine of these were white, and 9 were 
women (Table 5). Eyes with oblique 
insertion were not different in their 
vertical or horizontal disc diameters or 
in the degree of ovality from other 
eyes. Their axial length was signifi- 
cantly smaller than other eyes 
(P <.05); this might have resulted 
from the high proportion of women. 
The center of the oblique insertion 
zone was in the inferior half of the disc 
in 10 (77%) of 13 eyes and on the hor- 
izontal meridian in the other 3 (Fig 5). 
The mean center position was between 
the 5- and 6-o’clock positions (just na- 
sal to the inferior pole; all eyes treated 
as right eyes for this statistic). 

In the two eyes enucleated because 
of glaucoma secondary to melanoma, 
the disc diameters estimated by 
planimetry were within 10% of the 
postmortem values (Table 6). Of two 





All eyes 
Whites 
Blacks 
Men 
Women 





* All are right eyes. 


vertical and two horizontal diameter 
values, three of four were larger by 
planimetry than by direct measure- 
ment under the dissecting microscope. 


COMMENT 


The mean axial length of 24 mm re- 
ported here is similar to previous mea- 
surements of adult eyes using a variety 
of postmortem, roentgenographic, and 
ultrasonographic methods. We 
measured from theexternal surface of 
cornea and scera, while ultrasonic 
methods probably utilize echoes from 
the interior surface of the sclera. Our 
tissue had been fixed in formaldehyde, 
causing some shrinkage compared 
with the living eye. In these adult eyes, 
age was not correlated with axial 
length, as in previous studies using 
ultrasound.” A minor trend toward 
decrease in length with age has been 
suggested in same studies.!*”! 

The mean disc diameter in this study 
is consistent with other postmortem 
measurements, despite methodologi- 
cal differences ‘Table 7).'*!’?*3 Among 
clinical studies of disc size,*'!*'*?*?’ all 
except those of Joras et al% yielded a 
disc diameter lower than the postmor- 
tem values. Clinical estimates of disc 
diameter may he smaller due to several 
factors. The human optic disc often has 
a white flange of scleral tissue that 
comes between thechorioretinal tissue 
and the true disc rim. In clinical stud- 
ies, the disc edge is marked inside this 
scleral rim. This could make the disc 
estimate up to 10% smaller than the 
diameter measured with the edge of 
Bruch’s membrane taken as the mar- 
gin of the disc. Alternatively, the mag- 
nification factars used to calculate disc 
size from clinieal photographs may be 
underestimates. The two eyes in which 
we could directly correlate clinical and 
postmortem measurements did not, 
however, demonstrate consistently 
lower clinical estimates. Further stud- 
ies of this correlation are needed. 

Variability m disc diameter among 
eyes might influence the distribution 
of clinical dise appearance. Several 
studies suggest that the mean cup-disc 
ratio in normal eyes is 0.25.” In a cir- 
cular disc with a diameter of 1.8 mm 
and cup-dise ratio equal to 0.25, the 
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Fig 4.—Scanning electron micrographs showing two discs with inferior oblique exits, both from 
women. The oblique zone is included between the arrowheads. Bruch’s membrane terminates prior 
to the actual disc outlet in these oblique zones, and an exposed zone of sclera projects into the 
disc opening. Note that the connective tissue struts of the lamina cribrosa near the oblique exit 
are configured differently from the opposite pole of these discs. This distortion in laminar structure 
may be relevant to the response of such discs to pressure-induced injury (original magnification 


X 54). 





Table 5.—Percent of Eyes With 
Oblique Insertion Discs * 


Table 6.—Correlation of Clinical and 
Postmortem Diameter in Two Eyes 
With Glaucoma 




















All eyes 18 (11/60) Refraction, 
Whites 25 (9/36) } diopters —0.50 +0.50 
Blacks 8 (2/24) Axial length, 
Men 7 (2/29) } mm 22.0 23.0 
Women 29 (9/31) Vertical disc, 

* All are right eyes. mm 

tx? Test. Planimetry 1.50 1.98 






Postmortem 1.58 (—9.5%) 1.82 (+8.8%) 
Horizontal disc, 
mm 
Planimetry 1.48 1.98 
Postmortem 1.39 (+6.5%) 1.86 (+6.5%) 


Table 7.—Disc Diameter Measurements in Clinical and Postmortem Studies 


Mean Disc Diameter, mm Axial 
Sa. e e ng; 
Horizontal Vertical mm 









No. of 
Persons 








Source, y* 
Postmortem 


Age, y 
















Present study 1.87 1.76 24.05 60 Mean, 66.5 
Straatsma et al,*? 1969 1.86 1.75 24.75 200 >20 
Quigley et al,” 1983+ 1.87¢ Not given 10 40-90 
Ogden et al,*® 1988 1,894 Not given 17 22-74 
Jonas et al,” 1988 1.82¢ Not given 107 20-80 
Clinical 
Britton et al,'® 1987 1.66 1.57 23.51 113 Mean, 51.1 
Jonas et al,'® 1988 1.92 1.76 Not given 457 Mean, 42.4 
Caprioli and Miller,** 1987 1.47¢ Not given 38 Mean, 36 
Franceschetti and Bock,’ 1950 1.62 Not given 100 Not given 
Dandona and Quigley,” 1.69 Not given 10 40-70 






*The present study and those of Quigley et al” and Britton et al'® have only one eye per person included; 
others may include bilateral data. 

tA correction has been made for estimated shrinkage of 21% due to preparation for scanning electron mi- 
croscopy (see “Results” section). 

The diameter was calculated from mean disc area data, assuming the disc is circular. 


neural rim area would be 2.4 mm. We 
might calculate new cup-disc ratios for 
hypothetical dises +1 SD and +2 SDs 


from 1.8 mm (Fig 6). In this analysis, 
50% of eyes have a very small cup, 
while cup-disc ratios up to 0.5 are rel- 
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SUP 


TEM NAS 


INF 


Fig 5.—Schematic drawing showing the posi- 
tions (arrows) on the disc of the center of the 
13 oblique exit zones. All are shown as if they 
were in right eyes, with superior (SUP), inferior 
(INF), nasal (NAS), and temporal (TEM) zones 
marked. All oblique exits were centered in the 
inferior half of the disc, with more than half 
centered between the 5- and 7-o’clock posi- 
tions. 


atively common. Furthermore, ratios 
of 0.6 or greater would occur 2.5% of 
the time. Armaly’s® population data 
on cup-disc ratio fit well with this hy- 
pothetical distribution of cups pre- 
dicted from dise diameter data. A 
semiquantitative study suggested that 
larger cups occur in larger discs.” Im- 
age analysis data support the concept 
that cup size and disc size are linearly 
related.'*** Our measurements of disc 
size support the finding that much of 
the variation in cup-disc ratio is due to 
disc diameter variation. 

Neural rim area—the zone of tissue 
between the disc perimeter and the 
cup—increases as disce size in- 
creases.'*'*** Ogden and coworkers? 
found that there was a linear increase 
in nerve pore area with increasing disc 
diameter in human optic nerve heads. 
In 19 human eyes, we found that larger 
optic nerves have more nerve bundle 
tissue” (Fig 7). For a given increase in 
disc area, there is an increase in rim 
area (or neural tissue) of 50% as much. 
This increase in neural rim area might 
consist entirely of more nerve fibers, or 
there might be a proportionate in- 
crease in glia and capillaries. However, 
these glia and capillaries make up a 
small proportion of the anterior disc 
volume.” In normal human eyes, there 
is substantial variation in the number 
of optic nerve fibers****** due, in part, to 
poor postmortem preservation. We 
therefore reevaluated two data sets in 
monkey eyes fixed by ideal methods” 
(J.D.M., A.E.B., L. Cork, DVM, PhD, 
and H.A.Q., unpublished data, 1989). 
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Fig 6.— Schematic drawing illustrating how variation in disc diameter might influence apparent cup-disc ratio. The center 
“disc” has the mean cup-disc ratio found in the population (0.25) and the mean vertical disc diameter (1.8 mm) found 


in our study. 


Nerve Bundle Area, mm 








7.0 8.0 9.0 
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Fig 7.—Data from 19 normal human optic nerves just behind the nerve 
heac, relating neural area or amount of nerve bundle tissue to total op- 
tic nerve area, including both neural and connnective tissue (recalcu- 
lated fram Repka and Quigley**). The amount of nerve fiber-containing 
areaincreases with increasing size of the nerve, with a very similar slope 
to the increase in neural rim area, with increasing disc diameter seen by 
image analysis'®** (slope, 0.55; linear regression, r = .7, P < .001). 
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No. of Optic Nerve Fibers, X 1000 


4.0 5.0 
4.5 5.5 


Nerve Bundle Area, mm 


Fig 8.—Monkey data from 28 animals (JD.M., A.E.B., L. Cork, DVM, 
PhD, and H.A.Q., unpublished data, 1989° comparing the actual num- 
ber of optic nerve fibers with the area of neural bundle tissue. If neural 
area increased with increasing total nerve area because there was more 
nonneural tissue, then the slope of the line would be flat, but a signifi- 
cant increase in fiber number with neural area indicates that larger 
nerves truly have more nerve fibers. This & the most likely explanation 
for the increase in neural rim area with increasing optic disc area (linear 
regression, slope = 115 000 fibers/mm? r = .6, P< .01). 
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These data show that the number of 
“nerve fibers was greater in eyes with 
larger optic nerves (Fig 8). In glau- 
coma, an eye that begins with more fi- 
ers may have more reserve and may 
-resist functional loss longer. 
The sequence of events during em- 
bryological development supports the 
concept that eyes with more optic 
erve fibers would have larger discs. 
Each ganglion cell sends an axon to the 
disc and toward the brain between the 
first and second trimester. At this time 
the collagenous sclera and the disc 
utlet, later defined by Bruch’s mem- 
ne, consist only of cellular mesen- 
hymal tissue, not rigid extracellular 
trix.” There is a substantial loss of 
anglion cells and their fibers during 
gestation, presumably due to the death 
fibers that fail to connect with 
roper targets in the brain.” Some 
yes, however, might have more fibers 
initially, or more that survive than 
others. As the sclera and pon smem- 













































no corre ee between axial length 
measured by ultrasound and dise di- 
ameter measured from photographs. 
Refractive error and dise diameter are 
also unrelated. 8° There is no rela- 
tionship between refractive error and 
axial length, except in persons with 
high myopia. Some reports link myo- 
pia with an increased risk of glaucoma 
damage.“ In part, this may result from 
higher intraocular pressure in persons 
with myopia and high myopia.” Per- 
kins and Phelps” speculated that the 
yopic eye might have a larger cup- 
ratio, predisposing it to more 
glaucoma damage. Myopic per- 
ay have optic dises that are 
S isitive to pressure-induced 
age, but they do not have larger 
ämeter or cup-dise ratio (ex- 
ig persons with high myopia). 
rthermore, larger dises are nec- 
7 more susceptible to glaucoma 
damage. From simple physics, the 
essure differential across the lamina 
ibrosa would produce a greater dis- 
placement. of the central disc tissue in 
rger discs. However, the connective- 
tissue density and strength within the 
ight be greater in some discs, 
ep nient of dise diameter. If large 
ere more susceptible to damage, 
ould find larger mean disc diam- 
imong glaucomatous eyes with 
field loss. Glaucomatous eyes mea- 











sured clinically" 2528 and after death’! a 


have normal dise diameters. Hence, 
adults with glaucoma damage do not 
have larger-than-average dise diame- 
ter as a predisposing factor, and their 
discs do not enlarge as part of glauco- 
matous injury. Children with glau- 
coma are an exception; in buphthalmic 
eyes, disc diameter can enlarge to 
twice the normal diameter.'*'! 

The horizontal diameters of dises in 
women were smaller than those in 
men, and their vertical diameters were 
also smaller, but not significantly so. 
The mean axial length in women was 
also shorter, yet there was no signifi- 
cant relationship between axial length 
and disc diameter, either for all sub- 
jects or for women alone. This is the 
first study to report that dise diameter 
is smaller in women, though it was 
known that women have shorter axial 
lengths than men.’* Some clinical 
methods of analysis'*"* report no dif- 
ference by sex in dise diameter or in 
cup-dise ratio. In the large data set of 
the Framingham Eye Study, however, 
the mean cup-dise ratio, horizontally 
and vertically, was significantly 
smaller in women than in men.” The 
smaller disc diameter in women may 
explain their smaller cup-disc ratio. 

The vertical disc diameter of blacks 
is larger than that of whites; to our 
knowledge, this is the first time this 
feature has been measured in postmor- 
tem tissue. Chi and coworkers” found 
greater disc area by image analysis in 
30 young blacks compared with an 
equal number of whites. Axial length 
measured by ultrasound showed no 
racial difference. A larger disc implies 
larger cup-disc ratio. Beck and 
coworkers" indeed reported larger 
cup-disc ratios in normal eyes of blacks 
than in whites. If one combines their 
cup-dise data (0.35 for blacks, 0.24 for 
whites) with our dise diameter data, 
estimated neural rim area in blacks is 
nearly identical with that of whites 
with the same disc size (taking into 
account the expected increase in rim 
area with increased disc area). Thus, 
on average, the larger discs of blacks 
should contain about 3% more optic 
nerve fibers than the smaller dises of 
whites. Few direct nerve counts have 
been performed in optic nerves from 
blacks. 

Blacks have higher intraocular 
pressure, both normally and at the 
time of glaucoma diagnosis, than do 
whites.“ They present with abnor- 


mal intraocular pressure at a younger Tng 
age, and their disc damage and visual 


field loss are more advanced at diag- 


nosis. Since earlier onset and higher 
pressure each would be expected to 
| lead to Dera damage, it is difficult o 








determine, without further detailed 
studies of their disc internal structure, 
whether blacks are more or less sus- 
ceptible to damage with identical pres- 
sure exposure. The fact that they have 
slightly larger discs per se is not a risk 
factor, since larger dises are not more 
susceptible to glaueoma damage and 
possess more nerve fibers on average 
than do smaller dises. 

Small dise diameter may be a factor 
in the production of anterior ischemic 
optic neuropathy, disc drusen, and 
pseudopapilledema.'* In pseudopapill- 
edema, the apparent overfilling results 
from a dise too small for its neural 
content. Spencer’ suggested that a nar- 
row disc diameter might lead to axonal 
transport obstruction, with dise 
drusen forming from the resultant 
cellular debris. Semiquantitative data‘ 
place the average size of drusen-con- 
taining dises below the 95% confidence 
limit of our normal mean diameter. 
From estimates of cup-dise ratio in 
eyes with idiopathic anterior ischemic 
optic neuropathy (0.16) and normal 
controls (0.31), we can calculate the 
corresponding disc diameters, using 
our normal data and the decrease in 
neural rim area expected for this di- 
ameter change. The mean ischemic 
neuropathy dise diameter is 1.73 mm, 
within 1 SD of the normal. This small 
change in volume may contribute to 
the pathogenesis of this disorder, but 
other factors may play important roles 
as well. Since disc size does not appear 
to be related to glaucoma damage, this 
is a difference between ischemic neu- 
ropathy and glaucoma. 

Buus and Anderson® and Fantes and 
Anderson” have recently conducted 
clinical and histological studies of 
crescents at the disc that are similar to 
our oblique disc insertions. We cannot 
explain why oblique insertions were 
common in white women and nearly 
absent in blacks. We had the precon- 
ception that oblique insertions would 
be characteristic of larger eyes, but 
this was not the case. However, we had 
no known persons with high myopia in 
the study. Therefore, we conclude that 
oblique insertion of the disc is unre- 
lated to axial length for those with 
emmetropia or low refractive error. 
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ye treated a 5-year-old girl and a 
old boy with acquired Brown’s syn- 
ssociated with pansinusitis. in 
atients, the diagnosis was estab- 
roentgenographically, and the pa- 
re treated with oral antibiotics. 
corticosteroids were used in one 
Ithough their clinical value was un- 
Patients presenting with acute- 
Brown’s syndrome of undetermined 
ould undergo computed imaging 
bits and paranasal sinuses. 

rch Ophthalmol. 1990; 108:58-60) 








güired Brown’s syndrome is often 
aused by inflammation or trauma 
er region of the trochlea. If the 
use is believed to be inflammatory, 
treatment with systemic or lo- 
injected corticosteroids may 
ppropriate.'* We describe two 
atients with pansinusitis who pre- 

with severe, unilateral Brown’s 








_ REPORT OF CASES 


-1.—A 5-year-old girl was referred 
aluation of vertical diplopia. Her 
oms first developed 2 days before 
tation, at which time she adopted a 
neous chin-up head posture. Other 
eadaches, she complained of no neu- 
cal symptoms. Intermittent nasal 
tion had been present the previous 
There was no prior history of stra- 
head or orbital trauma, sinusitis, or 
june disorders. 

ihalmic examination yielded normal 
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We normal except for ocular motility. A large, 
unquantified left-sided hypotropia . was. 
1 eimary position. He was ortho- : 


ute-Onset Brown’s Syndrome 








ssociated With Pansinusitis 


findings except for ocular motility. There 
was no periorbital tenderness. A left-sided 
hypotropia of 16 prism diopters was present 
at 6 m and 20 prism diopters at 1/3 m. Duc- 
tions were normal in the right eye; however, 
the left eve could not be elevated to the 
horizontal meridian in adduction but ele- 
vated almost fully in abduction (Fig 1). 
Proptosis of the left globe occurred on 
attempted elevation. She was orthophoric 
in down gaze and adopted a compensatory 
chin-up head posture. With the patient un- 
der sedation, forced ductions revealed re- 
sistance to passive elevation of the left eye, 
especially in adduction. 

Physical examination results were unre- 
markable. A complete blood cell count and 
the results of a urinalysis were normal. Se- 
rology for antinuclear antigen and rheu- 
matoid factor was nonreactive. Computed 
tomography of the head and orbits revealed 
an abnormal density in the region of the left 
superior oblique tendon and trochlea (Fig 
2). In addition, there was marked bilateral 
thickening of the mucosa of the maxillary 
sinuses and ethmoid air cells, establishing 
the diagnosis of sinusitis. The patient was 
treated with amoxicillin-clavulanate po- 
tassium (Augmentin, Beecham Laborato- 
ries, Bristol, Tenn), 250 mg orally three 
times per day for 3 weeks. Her signs and 
symptoms gradually resolved. One month 
later, her ocular motility had returned to 
normal (Fig 3). A repeated computed tomo- 
graphic scan of the orbits revealed clear si- 
nuses and no abnormalities of the trochlea 
or superior oblique tendon (Fig 4). 

CASE 2.—A 6-year-old boy was hospital- 
ized on the neurology service with a 2-day 
history of pain in the left eye and diplopia. 
Other than a chronic chin-up head posture, 
his general physical examination yielded 
unremarkable results. A computed tomo- 
graphic scan of the head (but not the orbits) 
and a Tensilon test for myasthenia gravis 
both yielded normal findings. Serology for 
antinuclear antigen and rheumatoid factor 
was nonreactive. 

-Ophthalmie examination findings were 


: When 
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phoric in down gaze and adopted a compen- 
satory chin-up head posture. He com- 
plained of ocular pain on attempted eleva- 
tion or adduction of the left eye. The left 
trochlea was tender to palpation; however, 
no mass lesion was detected. 

Sinus roentgenograms demonstrated 
poor aeration bilaterally and accumulation 
of fluid in the frontal, ethmoid, and maxil- 
lary sinuses. A clinical diagnosis of sinusi- 
tis was made and the patient was treated 
with amoxicillin, 250 mg orally three times 
per day. One week later, there was substan- 
tial improvement in his ocular motility, al- 
though he still complained of intermittent 
pain and diplopia. Oral prednisone, 60 
mg/d, was therefore added to his antibiotie 
regimen. Three weeks later, the patient was 
asymptomatic and had only mild limitation 
of elevation in his left eye. 


COMMENT 


Acquired Brown’s syndrome is an 
uncommon entity.’* It may be associ- 
ated with orbital trauma®” (with or 
without orbital fracture), crbital 
hematoma,” primary or metastatic 
tumors,'*'* rheumatoid arthritis, 94254 
or following surgery on the extraocu- 
lar muscles’ or paranasal sinuses.34*" 
If scarring or swelling interferes with 
the normal telescoping movement of 
the superior oblique tendon through 
the trochlea,*”' the result can be a 
limitation of elevation of the affected 
eye in primary position and in adduc- 
tion. Unless accompanied by ipsilat- 
eral superior oblique muscle palsy, ac- 
quired Brown’s syndrome is clinically 
indistinguishable from the more com- 
mon, congenital form of this disorder.” 

In the absence of a clear history of 


trauma, it is frequently assumed that _ 


the cause of acquired Brown’s syn- 


drome is stenosing tenosynovitis. This 
is especially true in patients with au- `, 


toimmune disease or pain and swelling 


in the- region of the trochlea. 2452 | 
a aatory c cause is sus- ča 





Fig 1.—A 5-year-old gid with limitation of up 
gaze in the left eye due to acquired Brown’s 
syndrome. 





Fig 2.—Computed tomography reveals thick- 
ened mucosa of the paranasal sinuses and an 
abnormal orbital density posterior to the left 
trochlea (arrows). 





Fig 3.—The same patient 1 month after treat- 
ment with systemic antibiotics. Ocular motility 
has returned to normal. 
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pected, some authors have recom- 
mended treatment with systemic or 
locally injected corticosteroids, often 
with favorable outcomes.'* However, it 
is not known how many of these pa- 
tients would have done equally well 
with a different treatment modality or 
no treatment at all. 

While we initially intended to treat 
our first patient empirically with lo- 
cally injected corticosteroids, the pres- 
ence of roentgenographic findings con- 
sistent with sinusitis caused us to alter 
our plan of treatment, and corticoster- 
oids were not used. The patient was 
treated with a 3-week course of oral 
antibiotics. Both the ocular motility 
and roentgenographic abnormalities 
resolved over a 1-month period (Figs 3 
and 4). 
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Our second patient presented with 
typical physical findings of idiopathic 
stenosing tenosynovitis. Because his 
workup yielded normal findings except 
for pansinusitis, we believe this to be 
the likely cause of his Brown’s syn- 
drome. An incomplete elinical re- 
sponse to systemic antibiotics led to 
the addition of steroids te his treat- 
ment regimen. However, it is likely 
that resolution of his ocular abnormal- 
ities would have occurred, perhaps 
more slowly, using antibiotics alone. 

While sinusitis has been established 
as a cause of acquired Brown’s syn- 
drome, well-documented cases are 
rare. In a review of 25 patients with 
Brown’s syndrome, Parks and Brown? 
found only one “simulated” case, in a 
25-year-old man, that was probably 
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æ A double-masked, randomized, place- 
bo-controlied, rising-dose, single-dose 
was undertaken to assess the effect 
“concentrations of timolol maleate 
aimic solution (0.008%, 0.025%, 
68%. and 9.25%) on intraocular pres- 
sure aad its diurnal variation in healthy, 
normal volunteers. A single dose of 
= 0.008% timolol exhibits a definite but min- 
imaleffect os intraocular pressure in this 
~ pormal volunteer model, causing a signif- 
< icant peak mean decrease in intraocular 
-pressie from its value immediately pre- 
dose. This decrease was 1.8 mm Hg (a 
- peak mean percent decrease of 12.8%) at 
wsp postdose compared with an in- 
of0.1 mm Hg (+2.5%) during a pre- 
curve due to normal diurnal varia- 
ië drop of 0.008% solution repre- 
ts a single dese of approximately 2.5 
ug of timolol. A slight contralateral ocular 
yotensive effect appears to be present 
for 0.25% timolol at 2 hours postdose 
although it just failed to reach statistical 
‘significance. 
` (Arcie Ophthalmol. 1990;108:61-64) 








a ee maleate was introduced in 
| a as Pa first topical 8-adreno- 


l aaa ane Sealer hypertension.! In 
studiesof diurnal intraocular pressure 
P) curves, a single drop of timolol 
aleate ophtnaimic solution has been 
emonstratec te have significant sus- 
10P-lowering activity in pa- 
tients with elevated IOP at a concen- 
tration of 0.1% (duration, >12 hours)? 
anc in healthy, normal volunteers at a 
concentration of 0.5% (duration of at 
least 7 hours).* Timolol erodible in- 
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serts with doses as low as 2.5 ug were 
found to have a significant IOP-low- 
ering effect in patients with elevated 
IOP (M. B. Shields, MD, personal com- 
munication, 1989). 

The current investigation was un- 
dertaken to determine a minimal-ef- 
fect dose of timolol ophthalmic solu- 
tion in a healthy, normal volunteer 
model, and to assess whether the 
model could be used to predict a min- 
imal-effect dose of novel compounds in 
new vehicles. As one drop of timolol 
solution is approximately 31 uL, the 
lowest dose previously studied (2.5 ug) 
is equivalent to one drop of a 0.008% 
solution. The four concentrations cho- 
sen for this rising-dose study (0.008%, 
0.025%, 0.08%, and 0.25%) were se- 
lected so that single drops would rep- 
resent a geometric progression span- 
ning the projected no-effect or mini- 
mal-effect dose of 2.5 ug to the 
generally marketed lowest concentra- 
tion (0.25% ) containing 78 ug. 


SUBJECTS AND METHODS 


Healthy, normal volunteers were 
screened by a medical evaluation and com- 
plete ophthalmologic examination. All sub- 
jects had given informed consent prior to 
screening for participation in the study. A 
baseline 8-hour diurnal IOP curve parallel- 
ing one done during the study was obtained 
for each subject within 4 to 9 days of entry 
into the study. Exclusion criteria included 
visual acuity worse than 20/30 in either eye, 
topical ophthalmic medications other than 
those used in the study, use of systemic 
medications known to affect IOP within 2 
weeks of the study, or use of systemic 
8-blockers within 4 weeks of entry into the 
study. Contact lens wearers were to have 
discontinued lens wear for a minimum of 3 
weeks prior to entry. History or evidence of 
anterior segment abnormalities, intraocu- 
lar surgery, or prior ocular trauma, asthma, 
or other pulmonary or cardiac contraindi- 
cations for §-blocker therapy also man- 
dated exclusion. Prestudy IOP below 21 mm 
Hg, with a difference of less than 5 mm Hg 


between eyes, served as the definition of — 
normal IOP for the purposes of this study. 


As prior clinical studies have suggestet 






















































that black patients may require ak 
higher concentrations of timolol to achieve 
the same effect as :n whites, selection w 
limited to whites te increase the sensitivity ` 
of this model at sueh low concentrations of | 
the drug. 

Of the 33 subjects sereened, 26 a4 ak 
and 12 female, rangingin age from 20 to 
years with a mean age of 27 years) were 
lected for Lea tite and 25 tie 

m l 


0. 025% Yo , 0. 08%, and 0. 25% jon Aike be weel 
treatment days in one nappies treat 


eye. Five Bae ects were uae allocated A 
to receive one drop of placebo in both. eyes z 
on all 4 treatment days. os 
Prospective participants underwait a 
complete ophthalmologic screening exam 
nation, including refraetion, slit-lamp bi 
omicroscopy, and dilated funduscopy 2 to 10 ; 
days prior to the first treatment day. The 
prestudy diurnal carve was performed a 
least 1 day following the screening exami- ` 
nation. The first IOP measurement (hour 0) 
took place between 8:35 and 9:17 aM; all IOP 
measurements were performed using the. — 
same newly calibrated Goldmann applana- 
tion tonometer and prism, by the same ex 
aminer (L.S.M-L.), using a 0.25%. fluores 
cein sodium/0.4% denexinate hydrochlo 
ride solution. Intraocular pressures wer: 
then measured at hours 1, 2, 3, 4, 6, and. 
within 5 minutes of the designated time of Me 
measurement. 
On the first treatmentday, subjects w were 
questioned regarding symptoms, . ant 
Snellen visual acuity was measured wit! 
best correction. Slit-lamp biomicroscop 
was done prior to instillation of any rops 
Following instillation of anesthetic, th 
initial IOP (hour 0) was measure 
diately thereafter, owe drop of the al 
solution was instilled in the designat 
Symptoms were reccrded at hours 1 
6, and 8. Visual acuities were recorded 
hours 1, 3, and 8; slitdama examinati va 
performed and IOP measured i in ar 











curve, with the measurement times for each ra 
individual subject varying no more than 25 — 
minutes froma. the. carteponding Avvo ae 





Table 1.—Mean Intraocular Pressure of 20 Subjects Treated With Timolol Maleate * 


Prestudy 0.008% Timolol Period 0.025% Timolol Period 0.08% Timolol Period 0.25% Timolol Period 





*Values are millimeters of mercury. T indicates timolol-treated eye; P, placebo-treated eye. 
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Fig 1.— Subjects treated with timolol: mean percent change in intraocular pressure (IOP) from hour O in the eyes treated 
with timolol (asterisks indicate significantly different from prestudy at the same time point, P < .05). 
was instilled into the same eye following a 
4- to 9-day washout period, under the same 
conditions. 
a Activities that could potentially alter di- 
5 urnal IOP variations, such as napping, fluid 
2 overload, alcohol or caffeine ingestion, and 
z smoking of any kind, were not permitted. 
J All attempts were made to standardize 
a prestudy and treatment day conditions. 
O 
= Prostudy STATISTICAL METHODS 
KA 0.008% Period For subjects receiving treatment with 
z 0.025% Period timolol, differences from baseline in change 
A <a . 
O i and percent change in IOP from hour 0 
2 0.08% Period 


0.25% Period 





Hours Postdose (Parallel Times Prestudy) 


Fig 2.— Subjects treated with timolol: mean percent change in intraocular pressure (IOP) from hour 
O in the contralateral placebo-treated eyes (asterisks indicate different from prestudy at 2 hours 
postdose, P = .054). 
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(immediately predose) at each time point 
were tested using a paired t test (two-sided). 
Analysis of variance was used to test for 
differences between treatments for timolol- 
treated eyes and contralateral placebo- 
treated eyes with regard to change and 
percent change in IOP from hour 0. Dose 
trend among the four timolol concentra- 
tions was tested using orthogonal polyno- 
mials. The subjects receiving placebo in 
both eyes were similarly analyzed after be- 
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Tabie Z —Change in Intraocular Pressure From Hour O 


0.008% Timolol Period 


0.025% Timolol Period 


Treatment Day * 





“T indicates timolpl-treated eye; P. placebo-treated eye. 


ing grouped by right and left eyes. Type I 
error was set at 105 in all tests. 


RESULTS 


Symptoms were limited to mild, 
transient ocular irritation toward the 
end of the diurnal curve day and were 
believed to be secondary to repeated 
applanation tonometry. No treatment- 
related signssor symptoms were noted. 
One subject presented with a small in- 
traepithelial cerneal opacity, most 
likely a retained foreign-body reac- 
tion, omthe second treatment day prior 
to recewing study medication. He was 
disqualified from further participation 
in the study. The eye with this finding 
was later found to have received pla- 
cebo. 

Table 1 displays the mean IOP data 
for the 20 subjects treated with 
timolol. Figures 1 and 2 depict mean 
percent change in IOP for timolol- 
treated eyes and contralateral place- 
bo-treated eyes, respectively. The 
maximum decrease in IOP due to 
0.008% timolol was 1.8 mm Hg from 
the predose value, representing a 
12.8% peak mean percent decrease. 
Table 2 displays the net difference be- 
tween change in IOP from hour 0 with 
treatment and the change observed at 
the same time point during the pres- 
tudy diurnal eurve. The maximum net 
decrease in IOP with 0.008% timolol 
was 1.9mm Hg and occurred at 2 hours 
postdose; with 0.025% timolol, 1.9 mm 
Hg at 2 hours postdose; with 0.08% 
timolol, 2.8mm Hg at 3 hours postdose; 
and with 0.25% timolol, 3.3 mm Hg at 
2 hours postdese. After accounting for 
normal diurnal variation, as repre- 
sented by the prestudy diurnal curve, 
there was a significant net decrease in 
IOP (P < .05) in the treated eye at 2 
and 3 hours postdose for 0.008% 
timolol; at 2, 3.and 4 hours postdose for 
0.025% timolol; and at all times post- 
dose for the 008% and 0.25% timolol 
solutions. In the contralateral eye, 
change in IOP following treatment 
with placebo was not significantly dif- 
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Change in IOP From Hour 0, mm Hg 


0.008 


0.025 


0.08% Timolol Period 





0.08 


on Active Treatment Day Minus the Corresponding Change on the Prestudy 


0.25% ~Imolol Period 


SC P 


Hours Postdose 


0.25 0.5 1.0 1.5 


Concentration of Timolol, % (Semi-Log Sca) 


Fig 3.—Subjects treated with timolol: mean change in intraocular pressure JOP) from hour O in 
the eyes treated with timolol, semi-logarithmic plot. Data for 0.008% to 0.25% concentrations from 
the present study; data for 0.5% to 1.5% timolol from Katz et al.‘ 


ferent from normal diurnal variation; 
only at 2 hours postadministration of 
0.25% timolol did the net decrease in 
IOP in the contralateral eye appear to 
near significance (P = .13 for change in 
IOP, P = .054 for percent change). No 
significant changes in IOP were seen in 
subjects treated with placebo bilater- 
ally. 

In the timolol-treated eyes there 
was a significant linear trend (on the 
logarithmic scale) for change in IOP 
among the four concentrations at 1, 3, 
and 4 hours postdose and at all time 
points for percent change in IOP. 

For the placebo-treated group, only 
a few scattered differences exhibited 
significance and were consistent with 
what would be expected using a type I 
error of .05. 

Figure 3 depicts the dose-response 
data for change in IOP from hour 0 
observed in eyes treated with 0.008% 
to 0.25% timolol at 1, 2, and 3 hours 
postdose (logarithm of concentration 


vs change in IOP) in juxtaposition to 
published data* from a rising-dose, 
single-dose study in nermal volunteers 
with 0.5% to 1.5% imolol. In this 
model, the steepest part of the timolol 
single-dose, dose-response curve oc- 
curs between 0.025% and 0.08%. The 
range of mean IOPs & hour 0 in sub- 
jects treated with timolol was quite 
similar for these two studies, viz, 11.8 
to 12.8 mm Hg in this study and 12.5 to 
13.0 mm Hg in the juxtaposed study. 


COMMEFT 


The first double-masked randomized 
study on the tolerability and ocular 
hypotensive potertia_ of timolol in 
normal volunteers fecused on con- 
centrations of 0.5%, .0%, and 1.5% 
given as single doses m one eye.* Sta- 
tistically significant [@P-lowering ac- 
tivity was demonstrated with 0.5% 
timolol, the lowest coneentration stud- 
ied. No further effect was seen with 
1.0% or 1.5% timolol, indicating that 
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- teers. 7 
Further single-dose. studies at 0.1% : 

0.25% , 0.5%, and 1%* were used to ex- 
trapolate to a hypothetical no-effect 
dose on the order of 0.02%. A study in 
normal volunteers’ of the enantiomer 
=| timolol at concentrations of 0.1% to 
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lished in either normal volunteers or A 
patients. 


It is of interest that this model was 
sufficiently sensitive to detect a small 
but statistically significant IOP-low- 
ering effect from a single dose of 
0.008% timolol. It should be noted that 
although this model can differentiate 
between doses, the magnitude of ac- 
tivity seen may not be directly trans- 
latable to patients. Moreover, we do 
not know the degree to which intraoc- 
ular penetration of timolcl may have 
been facilitated by antecedent epithe- 
lial exposure to anesthetic and the 
tonometric prism. 

Although it is known that the phar- 
macologic activity of timolol may per- 
sist for several weeks following cessa- 
tion of long-term therapy im patients,” 
the necessary washout period follow- 
ing a single dose in normal volunteers 
or patients is not currenthy known. In 
view of the possibility of this effect and 
because of the low doses and wide 
range of doses used, this investigation 
was constructed as a rising-dose study. 

In view of the tendency for IOP to 
vary during the course of the day, our 
study design included baseline diurnal 
curves performed within 10 days of the 
first treatment day, to serve as an ad- 
ditional control for time of day and to 
complement the data supplied by the 
contralateral placebo-treated eye on 
any given treatment day. A potential 
contralateral effect would therefore be 
more readily evident, and thus the 
model could provide a means to ratio- 
nally select both the minimal-effect 
dose as well as a dose producing a 
minimal contralateral (and poten- 
tially less systemic) effect of an inves- 
tigational ocular hypotensive com- 
pound. The prospect that one might 
enhance the effect of low concentra- 
tions of timolol in a sustained delivery 
system is an attractive therapeutic 
option for which further investiga- 
tions are warranted and currently un- 
der way. 

Our study design has produced a 
highly sensitive model for investigat- 
ing activity of ocular hypetensive com- 
pounds in normal volunteers and may 
be useful in evaluating both estab- 
lished and investigational compounds 
in novel sustained delivery systems. 
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MK-927: A Topical Carbonic Anhydrase Inhibitor 


2 Response and Duration of Action 
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=e. The dose response to a single topical 
pi “administration of the carbonic anhydrase 
< inhibiter MK-927 was investigated in 24 
~ patients with primary open angle giau- 
coma er ocular hypertension. Three con- 
o centrations of MK-927 (2%, 1%, and 0.5%) 
and placebo were administered in a two- 
center. doubie-masked, randomized, pla- 
sebo-controlled, four-period crossover 
_ study. MK-927 at the 0.5% concentration 
appeared to be minimally effective in re- 
ducing antraocular pressure. A single top- 
ical dose of Mo MK-927 resulted in a sig- 
nificantly greater percent reduction in in- 
_traocular pressure for up to 6 hours when 
compared with treatment with placebo. 
Similarly, a single dose of 2% MK-927 sig- 
nificanily lowered intraocular pressure for 
8 hours compared with treatment with pla- 
cebo. The pressure reduction from base- 
line measured:23.7% and 11.3% at 8 hours 
after. instillation of a single drop of 2% 
MK-927. The medication was well toler- 
ated and appeared to lower intraocular 
pressure in a dose-dependent fashion. 
{Arck Ophthaimol. 1990; 108:65-68) 











S ystemic carbonic anhydrase inhib- 
iters cause a myriad of side ef- 

fects,'* which limits their use in a sub- 
stantial proportion of patients with 
glaucoma. The development of an ef- 
fective topical agent not only would 
contribute te an improved quality of 

i life for many mdividuals with glau- 
“4 coma bat would.also make this class of 
drugs availakle to many more patients. 
MK-927 has been shown to have ex- 
cellent activity against carbonic anhy- 
drase m vitro. Studies in rabbits 
suggest that topically applied MK-927 

may also gain access to the ciliary pro- 
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cesses by way of a nonaqueous route. 
This may enhance the effectiveness of 
the drug’s ability to reduce intraocular 
pressure.’ The drug is effective in low- 
ering intraocular pressure in nor- 
motensive rabbits’ and in rabbits with 
ocular hypertension induced with 
a-chymotrypsin.’ Moreover, MK-927 
reduces intraocular pressure in mon- 
keys with laser-induced ocular hyper- 
tension.’ 

There have been three previous re- 
ports evaluating the tolerability and 
effectiveness of MK-927 in humans. 
The administration of three sequential 
drops of 2% MK-927 reduced intraoc- 
ular pressure in normal volunteers by 
a mean of 29.6% 4 hours after admin- 
istration when compared with a base- 
line untreated pressure measurement 
made 24 hours previously.’® The drug 
was active and well tolerated in two 
other investigations"; one to three 
sequential doses of 2% MK-927 pro- 
duced a peak mean percent decrease in 
intraocular pressure measuring 33.1% 
to 26.7% at 4.5 to 6 hours after admin- 
istration, respectively, in patients with 
primary open angle glaucoma or ocu- 
lar hypertension. 

The present investigation was, to 
our knowledge, the first human study 
of MK-927 at concentrations less than 
2%. This study was carried out to de- 
termine the dose response to a single 
administration with respect to in- 
traocular pressure-lowering activity 
and duration of activity in a patient 
population with ocular hypertension 
or primary open angle glaucoma. 


PATIENTS AND METHODS 
Patient Selection and Entry 


The patient selection was based on a 
medical and ophthalmologic evaluation 
conducted 2 to 14 days prior to drug admin- 
istration. The patients were male or post- 
menopausal or sterilized females between 
30 and 82 years of age. All patients were di- 
agnosed as having primary open angle glau- 
coma or ocular hypertension. 

The patients were required to discon- 
tinue any miotie agents at least 5 days and 
any other ocular hypotensive agents at 
least 14 days prior to the initial evaluation. 
For an individual to be included in the 
study, intraocular pressure following this 


washout period hal te be Boek ner or 
equal to 28 mm Hg OU, with a difference 
between eyes of less than orequalto5mm _ 
Hg at 9 aM on the grestudy screeni g day. R 
Exclusion criteria included concomitant -` 
systemic or dermatologic medication. 
known to affect intraocular pressure, a his: 
tory of intraocular surgery, and best cor- =- 
rected Snellen visual acuity at distance = 
equal to or worse than 29/100 QU. Informed 
written consent was obtained from the pa- == 
tients prior to their eniry into the study. 


Study Design | 










This was a two-center, double-masked,. = 
randomized, placebo-controlled, four- 
period crossover study. There were 4 treat 
ment days separated by washout periods of To 
1 to 3 weeks’ duration . Treatments con- 
sisted of one drop of 2%, 1%, ot 0.5% 
MK-927 ophthalmic solstion or placebo (ve- 5 
hicle) in one eye and slacebo in the con- ~~ 
tralateral eye on each ‘treatment day. The 
formulation used in this study was an iso- = 
tonic aqueous solution with viscosifying 
agents, buffer ed at ae 5.2, and | preserved ae 
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surements of intraocular pressure “were a 
performed by the same person. Tonometry ee 
was performed after instillati on ofa fuo 





calibrated Goldmarn epianation, tonome- =. 
ter was utilized for all mea surements at 
each center. uk 
Symptoms, visua! acuity, nd external’ 
and slit-lamp examinations were closely 
monitored before the dose was given. and -> 
through the 25 hours after the dose was > 
given. Iris color was categorized as green, ` 
blue, hazel or light golden brown, brown, or 
dark brown. cae 
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Table 1.—Mean Intraocular Pressure for Each Treatment and Treatment Period 


Hours 
After Dose 


0.5% MK-927 0° 


1% MK-927 0° 


2% MK-927 0* 


MK-927- 


Treated Eye, 
Mean (SD) mm Hg 


27.8 (6.4) 
27.2 (6.7) 
26.2 (6.3) 
24.2 (5.7) 
23.5 (4.6) 
23.1 (5.1) 
21.9 (5.8) 
25.3 (6.0) 
25.5 (6.4) 
26.3 (6.3) 
25.0 (6.6) 
24.1 (5.1) 
22.2 (3.7) 
22.0 (3.5) 
22.3 (3.7) 
20.5 (5.1) 
25.1 (5.7) 
24.3 (5.5) 
27.3 (6.9) 
25.3 (7.2) 
24.2 (7.2) 
22.2 (6.6) 
21.6 (5.9) 
21.8 (5.6) 
21.0 (5.2) 
24.4 (6.3) 
23.8 (5.6) 
27.3 (6.8) 
24.5 (6.9) 
22.6 (6.2) 
21.0 (4.0) 
20.0 (3.0) 
20.4 (3.3) 
19.9 (5.1) 
24.2 (6.0) 
24.4 (5.8) 


Placebo-Treated 
Fellew Eye, 
Mean (SD) mm Hg 


27.3 (5.6) 
26.3 (5.3) 
25.8 (4.8) 
23.1 (4.7) 
22.8 (3.9) 
22.9 (4.0) 
21.7 (4.7) 
24.5 (5.5) 
25.4 (6.0) 
26.8 (5.1) 
25.1 (5.1) 
24.7 (4.8) 
22.3 (3.0) 
22.0 (3.1) 
22.7 (3.6) 
20.9 (4.6) 
25.0 (5.0) 
25.0 (5.6) 
27.4 (5.8) 
25.7 (5.9) 
25.4 (5.5) 
23.7 (5.3) 
22.5 (4.6) 
22.8 (5.2) 
20.8 (4.0) 
24.8 (5.7) 
24.0 (4.9) 
26.7 (5.8) 
25.0 (5.7) 
23.8 (5.3) 
22:9 (4.3) 
22:0 (4.2) 
21.8 (4.1) 
20°6 (4.6) 
25.0 (5.4) 
24.7 (5.7) 





*These values represent the intraocular pressure immediately before the dose was given. 


Fig 1.—Mean percent change in intraocular pressure (IOP) from hour O for the eye receiving ac- 


tive treatments. 
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riod, and patient, with the patient term be- 
ing split into components for prior ocular 
hypotensive therapy and iris color. A term 
for carryover effect was included. The anal- 
yses of two-way interactions between treat- 
ment and prior therapy, between treatment 
and iris color, and between center and 
treatment were also performed. The null 
hypothesis of no dose trend was tested us- 
ing orthogonal polynomials among the 
three MK-927 concentrations, excluding 
placebo. 

McNemar’s test was used to compare the 
incidence of ocular symptoms and signs be- 
tween treatments and between the MK- 
927-treated eyes and the contralateral ve- 
hicle-treated eyes. 

All tests were two-sided with type I error 
set at a = 0.05. 


RESULTS 


Twenty-four patients were entered 
into and completed the study (12 from 
each of the two centers). There were 10 
men and 14 women. The mean age was 
65 years (range, 37 to 79 years). Four- 
teen patients were white and 10 were 
black. Prior to the washout, 14 patients 
had been receiving topical $-adren- 
ergic antagonists alone, 8 patients had 
no prior ocular hypotensive therapy, 1 
patient received a §-blocker and a 
pilocarpine hydrochloride solution, 
and one a §-blocker plus dipivefrin. 
Distribution by iris color was green 
(n= 2), blue (n = 4), hazel or light 
golden brown (n = 3), brown (n = 3), 
and dark brown (n = 12). The distri- 
bution of iris color differed between 
centers, being predominantly dark 
brown at one center and evenly dis- 
tributed among the five categories at 
the other center. 


Intraocular Pressure 


Table 1 presents the mean intraocu- 
lar pressure data for each treatment 
and treatment period. Figures 1 and 2 
graphically depict data corresponding 
to percent change in intraocular pres- 
sure from baseline for both active 
drug-treated eyes (placebo and 0.5%, 
1%, and 2% MK-927) and contralat- 
eral placebo-treated eyes (all treat- 
ment periods), respectively. In the fel- 
low eyes that received placebo, there 
was a significant reduction in intraoc- 
ular pressure compared with instilla- 
tion of placebo in the fellow eye 
(P < .05), only when the fellow eye re- 
ceived 2% MK-927 at 2 hours after the 
dose was given. 


Pairwise Comparison Between 
Active Drug Treatments 
and Treatment With Placebo 
in the Same Eye 
There were no significant differ- 
ences with respect to percent change in 
intraocular pressure from baseline be- 
tween treatment with 0.5% MK-927 
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% Change in IOP From Hour O 


Fig 2.—Mean percent change in intraocular pressure (IOP) from hour O for the eye receiving pla- 


cebo in all four periods. 
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Table 2.—Percent Change in Intraocular Pressure From Immediately Before Dose 
Administration in MK-927-Treated Eye 


Bours 
After Dose 


Placebo, 
Mean (SD) % 


—2.6 (3.3) 
—5.9 (6.4) 
—12.4 (10.9) 
— 14.4 (10.0) 
—15.9 (11.2) 
—20.1 (16.5) 
—8.6 (10.1) 
—7.8 (10.9) 


0.5% MK-927, 


Mean (SD) % 
—5.5 (7.9) 
—7.4 (10.6) 

— 13.9 (12.2) 

—14.3 (13.2) 

— 13.7 (11.9) 

—20.9 (13.8) 
—3.6 (13.3) 
—7.2 (10.2) 


1% MK-927, 
Mean (SD) % 


—7.5 (8.6) 
—11.4 (12.2) 
—18.5 (11.7) 
—20.6 (10.6) 
—19.7 (10.5) 
—22.2 (12.1) 
— 10.5 (11.0) 
—12.2 (11.8) 


2% MK-927, 
Mean (SD) % 
—10.4 (10.5) 
— 16.8 (11.8) 
—21.9 (10.6) 
—24.6 (12.4) 
—23.7 (11.3) 
—26.0 (15.7) 
—10.7 (12.4) 

—9.8 (10.9) 


Table 3.—P Values for Pairwise Treatment Comparisons and Dose Trends at Each 
Time After Dose Administration: Percent Change in Intraocular Pressure Compared With 
Immediately Before Dose* 


Hours After Dose Administration 


Comparison 


Placebo vs 
05% MK-927 


13% MK-927 
2D% MK-927 


0.5% MK-927 vs 
13% MK-927 





23% MK-927 


1.0% MK-927 vs 
2.9% MK-927 .14 


Dose trend 
* Dose trend indicates the linear trend on the logarithmic scale, excluding placebo; N, P= .15. 


and placebo at any time point. The 
percent reduction in intraocular pres- 
sure from baseline was greater after 
both 2% MK-927 and 1% MK-927 than 
after placebo at all time points 
through 25 hours after the dose was 
given. However, at 8 hours after dose 
admin:stration, the decrease due to 
1% ME-927 (19.7% ) did not reach sta- 
tistica_ significance (P = .12). In the 
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ease of 2% MK-927, these decreases 
were significant (P < .01) up through 8 
hours after the dose was given (peak 
decrease of 24.6% during this time in- 
terval). Tables 2 and 3 demonstrate the 
percent change in intraocular pressure 
from immediately before dose admin- 
istration and significance levels for 
between-treatment comparisons, re- 
spectively. 


Pairwise Comparisons Between 
Active Drug Treatments 


MK-927 at the 2% concentration re- 
duced intraocular pressure more than 
0.5% MK-927 did at all time points 
through 25 hours after the dose was 
given (Table 3). This difference was 
significant up through 8 hours and at 
24 hours after the dose was given 
(P < .05). MK-927 at the 2% concen- 
tration reduced intraocular pressure 
more than 1% MK-927 did up through 
24 hours after the dose was given; 
however, the percent decrease in in- 
traocular pressure was only signifi- 
cantly greater at 2 hours (P < .05). Al- 
though the percent decrease in in- 
traocular pressure was greater for 1% 
MK-927 than for 0.5% MK-927 at all 
time points, this difference was only 
significant at 6, 8, and 24 hours after 
the dose was given. 


Dose-Response Relationship 


There was a significant linear trend 
(on a logarithmic scale) among the 
three concentrations of MK-927 up 
through 8 hours and at 24 hours after 
the dose was given with respect to per- 
cent decrease in intraocular pressure. 
This trend did not reach significance at 
12 hours after the dose was given 
(P = .10). 


Differences Between Centers and 
Iris Color, and the Impact of Prior 
Ocular Hypotensive Therapy 


The analysis indicated that there 
was a slightly greater reduction of in- 
traocular pressure in patients treated 
in Chicago, Ill, compared with patients 
treated in St Louis, Mo. There was a 
slightly greater reduction in intraocu- 
lar pressure in eyes with paler irides; 
however, there was some degree of 
confounding of iris color with center. A 
slightly greater reduction in pressure 
was noted in eyes treated previous- 
ly with 8-blockers. None of these dif- 
ferences were statistically signifi- 
cant. 


Symptoms 


There were no clinically or statisti- 
cally significant differences between 
treatments for any reported ocular 
symptom. Patients complained at 
most of only mild to moderate tran- 
sient local irritation, which was 
thought to be due primarily to multiple 
intraocular pressure measurements. 
The most frequently reported signs 
were punctate epithelial erosions and 
fluorescein staining of the cornea, 
which were attributed to repeated ap- 
planation tonometry. These findings 
were evenly distributed among treated 
groups and fellow eyes. 
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COMMENT 
Previously, studies with MK-927 
‘have demonstrated its intraocular 
-pressure-lowering activity both in 
normal volunteers and in glaucoma- 
tous. patient populations.'!"? These 
-studies indicated that 2% MK-927 
caused a clinically significant decrease 
in intraocular pressure for at least 8 
‘hours after the dose was given. Evalu- 
-ation of the dose-response curve and 
duration of activity of MK-927 thus 
-became important for the evaluation 
of MK-927’s clinical potential. 











































| ponse to a single dose of MK-927 fol- 
-dows a classic dose-response relation- 
hip. There appears to be a relatively 
steep dose-response curve between 
0.5% and 2.0%. This is not unexpected, 
-as almost total inhibition of carbonic 
anhydrase in the ciliary processes is 
required to effect a substantial lower- 
‘ing of intraocular pressure. >" How- 
ever, even at a concentration of 2%, 

MK-927 does not appear to have the 
-pressure-lowering activity of systemic 
gents such as methazolamide. Dahlen 
nd colleagues“ reported a mean in- 
raocular pressure reduction of 3.3, 4.3, 

and 5.6 mm Hg after administration of 
methazolamide i in doses of 25 mg, 50 
‘mg, and 100 mg, respectively, every 8 
hours to patients with glaucoma. It has 
been postulated that metabolic acido- 
sis created by systemic carbonic anhy- 
= drase inhibitors may contribute to the 
` pressure-lowering effects of these 
~ agents. For this reason, we do not 
yet know whether topical agents may 
be able to achieve the degree of pres- 
sure reduction seen with systemic 
agents. 
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A significant decrease in the intraoc- 
ular pressure compared with the im- 
mediate predose level in the contralat- 
eral placebo-treated eye was noted in 
our study. This finding is most likely 
due to diurnal variation, as similar de- 
creases were observed in both eyes on 
the bilateral placebo treatment day. In 
addition, there was no significant 
crossover effect noted since there was 
not a significant change noted in the 
placebo-treated eyes across most 
treatment periods. 

The activity of even the 2% concen- 
tration of MK-927 appears to be wan- 
ing at 12 hours after the dose is given. 
This, together with preliminary data 
on intraocular pressure lowering after 
multiple-dose administration” every 
12 hours,” makes it appear likely that 
a twice-daily dose frequency may be 
insufficient for monotherapy treat- 
ment of patients. It should be noted 
that there is no increase in effect 
reported after multiple-dose adminis- 
tration in humans as had been re- 
ported to occur in laser-induced ocu- 
lar-hypertensive monkeys.’ 

The four-period crossover study de- 
sign in patients with relatively sym- 
metric elevated intraocular pressure 
was utilized to maximize the ability to 
discriminate small differences be- 
tween active drug groups and allow for 
a close assessment of any possible 
contralateral effects in a small, care- 
fully selected patient population. The 
close agreement of the diurnal curves 
of the two eyes on the bilateral placebo 
treatment day testifies to the validity 
of these methods. Nevertheless, con- 
sidering the modest reduction in in- 
traocular pressure noted even with 2% 
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_. @ Bourteenthesus monkeys, aged 1 to 
24 years, underwent permanent implanta- 
tion cf abipotr stimulating electrode into 
“the Edinger-Westphal nucleus and com- 
plete.un/ateraior bilateraliridectomy. Slit- 
lamp scheimpfiug videography of the lens 
and sit-lame ecniovideography of the lens 
equator. zonise, and ciliary body allowed 
. direc: real-tire observation and video re- 
_cordiag of the movements of these struc- 
~tures-during sentrally stimulated accom- 
“madation ane? during disaccommodation. 
a Scallaping af the lens capsule at the zonu- 
"Tat insertion:sites was clearly visible dur- 
= ing disaccommodation and even during 
accormmmodaiien when the zonules were 
foldec. During accommodation, the lens 
became .axiaiy thicker, the ciliary ring 
narrowed, anc. -at high levels of acommo- 
datior, the zonular fibers slackened and 
even ‘olded end the lens moved down- 
ward. Wah ineseasing age and concomi- 
- tantly decreasing accommodative ampli- 
tude, these excursions all diminished, so 
the oidest animals, they were very 
tor gesent. Maximum centrally 
imulated accommodative amplitude de- 
3 ined'with age -on a time scale similar to 
: hat fer cholinemimetic drug-induced ac- 
-< Commoadation im the rhesus monkey and 
voluntary accemmmodation in the human. 
(Arca Gohthaimol. 1990; 103:69-74) 































[re rhesus monkey exhibits an age- 
Se cecline in cholinomimetic 
"e wi accommodation on a 
A ines stair cermparable relatively to the 
= loss cf voluntary accommodation in 
`: gman. The structural similarity 
f therhesus and human aecommoda- 
tive apparatus suggests that the 
rhesus may bean excellent experimen- 
< tal medel for human presbyopia.'* By 
_histolegie criteria, the configurational 
resporse of the rhesus ciliary muscle 

to pilecarpiae administered topically 

in vive declires with age.’ This sug- 
gests a role fer the ciliary muscle in 
presbyopia p ‘thophysiology,’ in con- 
trast to the elassic view that this most 
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common ocular affliction is due solely 
to a progressive loss of deformability 
of the crystalline lens,” perhaps with 
a contribution from an altered zonular 
geometry.’° 

In monkeys, the iris may be totally 
removed via a small limbal incision,” 
and the normal efferent neural path- 
way to the accommodative apparatus 
can be stimulated via a bipolar elec- 
trode implanted permanently into the 
Edinger-Westphal (E-W) nucleus.” 
We report herein techniques for video 
imaging the lens, zonule, and ciliary 
body during accommodation induced 
by central stimulation in the living, 
surgically aniridic rhesus monkey, and 
we confirm the age-related loss of ac- 
commodative amplitude and ciliary 
muscle excursion. 


MATERIALS AND METHODS 
Animals, Eyes, and Refraction 


Fourteen rhesus monkeys (Macaca mu- 
latta) of both sexes, aged 1 to 24 years and 
weighing 1.7 to 11.8 kg, were studied. Each 
animal underwent total iridectomy in one 
or both eyes and permanent implantation 
of a bipolar stimulating electrode into the 
E-W nucleus.’ The animals behaved nor- 


mally with no evidence of neurologic deficit 
or photic discomfort. Iris removal reduces 
maximum cholinomimetic drug-induced 
accommodation,’ but it has no effect on 
centrally stimulated accommodation in this 
species (K.C., P.L.K., L.Z.B., unpublished 
data, 1989). Resting refractive error and 
accommodative responses to graded. central ae 
electrical stimulation and to a supramaxi- 
mal dose of carbacho: (40% carbamylcho- ~ 
line chloride) administered by corneal. — 
iontophoresis’ were determined with a. 
Hartinger coincidence refractometer — 
(Zeiss-Jena, Jena, West Germany)! = 
Seven animals were used for video imaging ` 
analysis that was performed up to 3 years > 
after electrode implantation. (Animal ages > 
given:in the “Results” section are as of the © 
time each particular procedure was. per- 
formed, and thus they may vary for an in- 
dividual animal.) The monkey lay prone, 
with its body temperature maintained at 
36°C to 38°C by heating pads, and its head 
was fixed in a head hoider so that the eyes 
were elevated 4 to 8 cm above the heart and- 
in the primary position. 













Axial Imaging of the Anterior Segment 
(Scheimpfiug Videography) : 
A low-light black-and-white video cam- ` 
era (Cooper Visior HR-650, Dyonies, Okla- 
homa City, Okla) (Fig 1) was modified with 


Fig 1.— Schematic top view of Scheimpflug videography apparatus. Viceo camera pivots horizon- x 
tally in relation to the zoom lens, allowing clear focusing of an optical section of the entire anterior o 
segment in one plane on the video monitor and video tape. (See the text ‘or details.) ee 
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Fig 3.—Age vs maximum accommodation in 14 rhesus monkeys * to 2 weeks after midbrain elec- 
rode implantation. The solid line represents the least squares regression of centrally stimulated 
accommodation on age, based on the solid circles, and is described by 
y= (0.57 + 0.10)x + (17.1 + 1.1), with r = .85, P < .001. “he dashed line represents the 
egression of topical carbachol-induced accommodation on age sor these animals, based on the 
open circles, and is described by y = (—0.92 + 0.17)x + (26.5 + 1.9), withr = .84,P< .001. 
he slopes and intercepts differ significantly with P < .10 and P < .001, respectively. For another 
“group of rhesus monkeys aged 1 to 25 years from the same colony, the regression of topical car- 
achol-induced accommodation on age was y = ~1.31x + 39.%.’ 
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Fig. 2. Schematic top view of PE EON, 7 


phy apparatus. ‘Appropriate positioning of 
Swan-Jacob gonioscopy lens, slit projector, 
and microscope allows visualization, video 
monitoring, and video recording of the lens 
equator, zonule, and ciliary processes in the 
surgically aniridic monkey eye. (See the text for 
details.) 


an anteriorly displaced two-thirds-inch im- 
age video tube (Newvicon, Matsushita, Yo- 
ka-hama, Japan) (central horizontal res- 
olution = 450 lines; signal/noise ratio = 
42 dB; sensitivity = 0.012 foot-candles at f 
1.4). A bellows and an adjustable support 
permitted variable horizontal pivoting of 
the camera in relation to the stationary 17- 
to 102-mm video zoom lens (Canon Ine, Op- 
ties Division, Lake Suecess, NY) (f 1.2). The 
camera was mounted to the left of the slit 
projector on a stereo photo slit-lamp mi- 
croscope (Carl Zeiss Inc, Thornwood, NY). 
Recording was done with the zoom lens 
fixed at 100 mm at f 1.2 and angled at 45° to 
the 0.5-mm-wide slit beam set at maximum 
illumination. Following gross alignment 
using the microscope, the camera body was 
pivoted until the Scheimpflug principles 
were met and the cornea and full thickness 
of the lens appeared in elear focus on the 
video monitor. Axial alignment was 
achieved using the Purkinje images.’ 


Oblique Imaging of the Anterior Segment 
(Goniovideography) 


A Swan-Jacob gonioscopy lens was 
placed on the cornea and secured in position 
by an adjustable arm (Fig 2). A low-light 
color video camera (Cooper Vision CMC- 
300, Dyonics) was attached, via a photo 
adapter (Telestill, Designs for Vision Ine, 
Ronkonkona, NY), to a 30/70 beam splitter 
mounted on the photo slit-lamp microscope 
(Carl Zeiss Inc). The camera had a two- 
thirds-inch video tube (Saticon, Hitach 
Tokyo, Japan) (central horizontal 
olution = 420 lines; signal/noise ra 
50 dB; sensitivity = 15 ft-c at f 1.4) an 
onboard two-line enhancer to improve edge 
sharpness. At observation angles of 30° to. _ 
45° from the anteroposterior (A-P) axis of | 
the eye, the anterior ciliary body and the. 
lens equator could be visualized and a 
images could be recorded in varying per- 
spectives, most clearly at the X16 magnifi- 
cation setting of the microscope. The zonu- 
lar fibers were best seen and imaged at X25 
magnification against the retroilluminated 
fundus at an observation and illumination 
angle of about 35° relative to the A-P axis. 








Ocular Stabilization, Stimulation, 
Video Recording 


A 5-0 Dacron suture passed beneath the 
lateral rectus muscle and secured laterally 


Fig 4.—Stimulation-accommodation relation- 
ship in rhesus monkeys 1 to 2 weeks following 
midbrain electrode implantation. A, Varying 
frequency at constant current (approximately 
650 uA); B, Varying current at constant fre- 
quency (100 Hz). Data are geometric 
mean + SEM for all 14 animals. 
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Fig 5.—Scheimpflug videography of rhesus monkey an- 
terior segment 1 to 3 years following total iridectomy and 
midbrain electrede implantation. A and B, Age 4 years; C 
and D, ge 15 wears; E and F, age 23 years. A, C, andE, 
Nonaccemmodating; B, D, and F, accommodating maxi- 
mally (#.0, 4.5, and 1.5 diopters, respectively) in re- 
sponse `o central electrical stimulation. Note the follow- 
ing: (1) decreasing overall transparency and increasing 
prominence of discontinuity zones of the lens with in- 
creasinc age (A vs C vs E); (2) lens thickening and ante- 
rior chamber skallewing during accommodation (A vs B, 
C vs D); and (3) loss of dissimilarity between nonaccom- 
modating and accommodating eye with increasing age (A 
and B vs C and D vs E and F). 


Fig 6.—Goniovideography of two rhesus monkey anterior segments following total iri- 
dectomy and midbrain electrode implantation. A and C, Nonaccommodating; B and D, 
accommodating maximally (11 and 10 diopters, respectively). L indicates lens; Z, 
zonular fibers; CP, ciliary processes; white dots indicate the same ciliary processes 
and arrows indicate the same lens equatorial scallops in the horizontally paired pan- 
els. During maximum accommodation, note the following: 11) downward movement 
(animal in prone position) of lens equator relative to ciliary processes in B but not in 
D; (2) altered angulation of zonular fibers relative to lens equator (best seen superiorly 
in panel B); (3) zonular folding; (4) reduction (B) or obliteration (D) of circumlenticular 
space; and (5) persistence of lens equatorial scalloping (B and D). 


prevented adduction due to contraction of 
the mecial reetus. Some animals also re- 
ceived betulinum A toxin in the medial rec- 
tus and 2ither the superior or inferior rec- 
tus muscle during one to three injection 
sessions? to 7 days before the videography 
sessions to completely prevent eye move- 
ments.'”* The total dose of 5 to 10 U/kg in 
30 to 10) uL kad no effect on electrically 
stimulased accommodation (unpublished 
observations). Aceommodation was stimu- 
lated centrally-via the implanted electrode 
(Anapube stimulator model 302-T, World 
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Precision Instruments, New Haven, Conn)” 
using monophasic square-wave pulses of 
0.5-millisecond duration, 10 to 100 Hz, and 
50 to 1500 uA to determine stimulation-re- 
sponse relationships, and 0.5 millisecond, 
100 Hz, and 300 to 1300 wA for videography. 
With both video techniques, images were 
recorded through an image enhancer ( Vid- 
icraft Detailer IV, Vidicraft, Portland, Ore) 
(to improve vertical and horizontal edge 
sharpness and to reduce picture snow and 
noise) onto a three-quarter-inch video re- 
corder/player (Sony VO-5600, Sony Corp, 


Paramus, NJ). A time-date generator (Pa- 
nasonic model WJ-810, Panasonic, CCTV 
Division, Secaucus, NJ) was used to super- 
impose time, date, and stopwatch informa- 
tion onto the video signal, permitting 
frame-by-frame marking. 


Anesthesia 


Anesthesia, analgesia, and other treat- 
ment for iridectomy, electrode implanta- 
tion, and central stimulation were as previ- 
ously described.'''? This study conforms to 
the Association for Research in Vision and 
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Fig 7.—Goniovideography of rhesus monkey anterior: segment following total iridectomy and midbrain electrode implantation. 
A, Nonaccommodating; B through G, accommodatirg maximally at various times during a 4-minute sequence alternating 2 
seconds of stimulation and 2 seconds of relaxation B, 20 seconds; C, 64 seconds; D, 76 seconds; E, 110 seconds; F, 150 
seconds; and G, 240 seconds); H, nonaccommodarng at the end of the 4-minute sequence. L indicates lens; Z, zonular fi- 
bers; CP, ciliary processes. Note the following: (1) excursion of the ciliary processes diminishes progressively during repet- 
itive maximum stimulation, as evidenced by decreased zonular folding and decreased reduction of the circumlenticular space 
during maximum accommodation achievable at the ndicated times; amd (2) lens equatorial scalloping is reduced during ac- 
commodation (B through G) as compared with rela» ation (A and H). 


Ophthalmology Resolution on the Use of 
Animals in Research.” 


RESULTS 
Accommodative Amplitude 


One to 2 weeks after midbrain elec- 
trode implantation, maximum cen- 
trally stimulated accommodative am- 
plitude ranged from about 15 to 20 
diopters in the 1- and 2-year-old mon- 
keys to about 4 to 6 diopters in the 20- 
and 22-year-old animals. Maximum 
centrally stimulated accommodation 
was always less than that induced by 
carbachol, but both declined signifi- 
cantly with age (Fig 3). 

Since maximum accommodative 
amplitude varied markedly among the 
different animals, geometric mean 
stimulus-response curves were gener- 
ated (Fig 4). Maximum responses re- 
quired a current intensity averaging 
743 + 99 uA (mean + SEM) and a fre- 
quency averaging 77 + 5 Hz; the re- 
sponses did not decline at modestly 
supramaximal stimulus levels. Half- 
maximum responses were attained at 
213 + 1 uA and 27 + 1 Hz. The mini- 
mum stimulation frequencies produc- 
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ing 10%, 20%, 30%, 40%, and 50% of 
the maximum accommodative re- 
sponse at fixed current averaging ap- 
proximately 650 uA showed a slight 
but statistically significant decline 
with increasing age (r= .53 to .75, 
P<.05). ÆA similar but statistically 
nonsignificant tendency was also ob- 
served for 100-Hz current. No such as- 
sociation was seen at response levels of 
60%, 70%, 30%, and 90% of maximum 
accommodetion. In any single animal, 
the stimwus-response relationship 
and the mazimum accommodative am- 
plitude for both eyes were similar on 
several ruzs made during the same 
anesthetic session and during sessions 
run on different days. 


Scheimpflug Videography 


Scheimpdug videography provided a 
clearly focased view of the axial A-P 
optical seccion of the entire lens, ex- 
cept the equatorial region (Fig 5). With 
increasing age, lens transparency de- 
creased and prominence of the ante- 
rior and pesterior discontinuity zones 
increased. Central stimulation pro- 
duced axia lens thickening and ante- 


rior chamber shallowing in all ani- 
mals, but the responses declined with 
age. 


Goniovideography 


Goniovideography provided a clear- 
ly focused view of the lens equator, 
zonular fibers, and anterior ciliary 
body. Different observation and illu- 
mination angles were required to opti- 
mally visualize the different struc- 
tures. With observation and illumina- 
tion angles of about 35° and 30°, 
respectively, from the A-P axis, pack- 
ets of zonular fibers could be visualized 
against the orange glow of the fundus 
by retroillumination (Figs 6 and 7). 
With observation and illumination an- 
gles of about 40° and 35°, respectively, 
from the A-P axis, the fiber packets 
leading from the ciliary process to the 
anterior and posterior surfaces of the 
lens equator could be distinguished 
from one another within the circum- 
lenticular space by direct illumination 
(not shown). With observation and il- 
lumination angles of about 35° and 
20°, respectively, from the A-P axis, 
scalloping of the lens equator at the 
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Fig 8.—Goniovideography of anterior segment 2 to 3 years following to- 
tal iridectomy and midbrain electrode implantation in 4-year-old and 24- 
year-old rhesus monkeys. A and B, 4-year-old monkey, nonaccommo- 
dating and maximally accommodating (17.3 diopters), respectively; C 
and D, 24-year-old monkey, nonaccommodating and maximally accom- 
modating (1.5 diopters), respectively. L indicates lens; CP, ciliary pro- 
cesses (white dots indicate same ciliary process); and Co, cornea. Note 
centripetal excursion of ciliary processes during accommodation in 
young animal (B vs A) and virtual absence of sach excursion in the old 
animal attempting to accommodate (D vs C). Angle of observation un- 
changed from A to B, or from C to D. 


Fig 9.—Comparative age-related decline in the accommodative ampli- 
tude in the rhesus monkey and humans based on life spans of 35 and 
75 years, respectively. Rhesus data (solid circles) represent maximum 
accommodation induced by central stimulation. Human data (shaded 
area) represent range of maximum voluntary accommodation (adapted 


imserions of the zonular fiber packets 
was ciearly visible both at rest (Figs 6, 
A ane C, and 7, A and H) and during 
accommodation (Fig 6, B and D). With 
increasing accommodation the scal- 
loping may have diminished (Fig 7), 
but it was still present even when the 
zonular fibers were folded (Fig 6, Band 
D). At rest (Figs 6, A and C, and 7, A 
and EH) and at lower amplitudes of ac- 
commodation, irrespective of age, the 
zonular fibers appeared straight. How- 
ever, at higher accommodative ampli- 
tudes in some animals, the fibers pro- 
gressively bent and folded sinuously as 
the ciliary processes approached the 
lens equator and the circumlenticular 
space was narrowed (Figs 6, B and D, 
and 7. B through E). We could not be 
sure whether all the fibers folded, or, if 
some remained straight, whether they 
were those attaching to the lens ante- 
riorly or posteriorly. 

Varying perspectives of the anterior 
portions of the ciliary processes and 
the ciliary muscle were visualized at 
observation and illumination angles of 
about 30° te 40° and about 25° to 35°, 
respectively (Figs 6 and 7). During 
central stimulation, the tips of the 
processes moved centripetally, nar- 
rowing the ciliary ring. The maximum 
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excursion of the ciliary process tips 
and consequent narrowing of the cili- 
ary ring were greater in younger than 
in older animals, although a barely 
perceptible movement was observed 
even in the 24-year-old monkey (Fig 8). 
Narrowing of the lens equatorial ring 
also appeared more pronounced in 
younger animals. At lower accommo- 
dative amplitudes, the lens equator 
moved centripetally by an amount 
roughly similar to the ciliary ring ex- 
cursion, so that the width of the cir- 
cumlenticular space remained approx- 
imately constant (not shown; see 
“Comment” section). At higher accom- 
modative amplitudes in some animals, 
the ring continued to narrow even af- 
ter the lens equator had ceased doing 
so, nearly obliterating the circumlen- 
ticular space (Figs 6, B and D, and 7, B 
through D). Under such conditions, 
with the animal in the prone position, 
the entire lens sometimes, albeit not 
always, moved downward (Fig 6, A and 
B). That the lens moved downward 
rather than rotating was confirmed by 
observing the lens equator and ciliary 
processes in all four quadrants (not 
shown). 

When the ciliary muscle was stimu- 
lated repetitively (2 seconds on, 2 sec- 
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onds off), the extent of the excursions 
decreased with time (Fig 7). However, 
following a 10-minute recovery period, 
a full response eould again be elicited 
(not shown). 


COMMENT 


We have previously described a 
technique for permanently implanting 
a bipolar stimulating electrode into 
the E-W nucleus ef adolescent and 
young adult cynomolgus monkeys 
(Macaca fascicularis).2 The same 
technique works well in juvenile and 
adult rhesus monkeys aged 1 to 22 
years. We have not attempted the pro- 
cedure in infart or elderly animals 
(captive rhesus monkeys may live to 
age 35 years). As in cynomolgi,” the 
amplitude of accommodation induced 
by maximal central stimulation in the 
young rhesus is less than that induced 
by topical carbacho! in the same ani- 
mals, or by pilocarpine, carbachol, or 
echothiophate in other similarly aged 
rhesus monkeys.' This was reflected in 
the difference between the slope and 
y-intercept of the age vs accommoda- 
tion relationship for central stimula- 
tion and topical carbachol (Fig 3). 
Possible reasons have been discussed 
elsewhere.'” 
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_ However, as with accommodation 
induced by topical cholinomimetics,' 
centrally stimulated accommodation 
in the rhesus monkey declines with 
age. ‘When plotted relative to life span 
and maximum accommodation, the 
rate of decline is remarkably similar in 
conscious humans” and anesthetized 
rhesus monkeys, despite the differ- 
ences in stimulation and measurement 
techniques, maximum accommodative 
amplitude, and life span (Fig 9). This 
again supports the rhesus as a model 
for the study of human accommoda- 
tion and presbyopia.’“ 
- The techniques described permit 
continuous real-time observation and 
video recording of the components of 
the accommodative apparatus in the 
living primate. Such recordings are 
suitable for electronic image enhance- 
ment, digitization and computer anal- 
ysis of intraocular dimensions and 
shapes (eg, thickness and curvature of 
‘the lens and its internal zones, width of 
‘the circumlenticular space, radius of 
the ares formed by the ciliary process 
‘tips and lens equator, flexion of the 
‘zonular fibers), and the magnitude and 
rate of their change during accommo- 
dation and accommodative relaxa- 
tion: However, even our qualitative 
observations provide new information. 
By Scheimpflug videography, we ob- 
< gerved an age-related decline in sphe- 
~ ricization of the lens inducible by max- 
~ imal stimulation of the E-W nucleus. 
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‘The classic teaching that presbyopia is 


due to an age-related loss of lenticular 


elasticity would have predieted this 


finding, but it would not have predicted 
our goniovideographic observation of a 
concurrent decline in the centripetal 
excursion of the ciliary processes. The 
latter almost surely reflects a loss of 
the ciliary muscle’s configurational re- 
sponse to central stimulation, analo- 
gous to our histologic demonstration 
of an age-related loss of ciliary muscle 
responsiveness to topical pilocarpine.’ 

However, immobility of the ciliary 
body need not imply impairment of 
ciliary muscle contractility. The rela- 
tively modest age-related alterations 
in ciliary neuromuscular structure ob- 
served by light and electron micros- 
copy probably cannot account for the 
decreased responsiveness.‘” The in- 
crease in connective tissue within and 
adjacent to the muscle seems far too 
small to immobilize it. There is no 
age-related decline in overall ciliary 
muscle muscarinic receptor concentra- 
tion or affinity as measured by specific 
tritiated-quinuclidiny! benzilate bind- 
ing and no alteration in ciliary muscle 
choline acetyltransferase or acetyl- 
cholinesterase activity.” These data 
suggest that the cholinergic neuro- 
muscular mechanisms remain intact. 
Since the goniovideographic data indi- 
cate that the circumlenticular space is 
always present in the nonaccommo- 
dating eye and in the aged eye attempt- 
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ing to accommodate, restriction of 
muscle movement by the enlarged 
aged lens cannot be culpable. The ag- 
ing zonule would not likely become so 
rigid as to “splint” the ciliary muscle. 
A hypothesis consistent with all avail- 
able information attributes presbyo- 
pia to the deterioration of the elastic 
components of the ciliary body and 
choroid*** (Bruch’s membrane being 
the ciliary muscle’s posterior attach- 
ment”). 

Whatever its mechanism, the age- 
related decline in the ciliary muscle’s 
configurational response to central 
parasympathetic and peripheral para- 
sympathomimetic stimulation may 
have significant pathophysiologic and 
therapeutic implications for presbyo- 
pia, glaucoma,”** and the development 
of an accommodating pseudophakos.* 
These issues warrant further study for 
which the animal model and tech- 
niques described herein should provide 
a fruitful setting. 
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ocular Lens Decentration and Tilt 


: James D. Auran, MD; Charles J. Koester, PhD; Anthony Donn, MD 


s We report what to our knowledge is 
the first exteasive in vivo clinical study of 
- intraocular lens decentration and tilt. Mea- 
surements of posterior chamber intraocu- 
lar lenses, all implanted by the same sur- 
o geon if 8% eyes, showed that decentration 
andtiliconsistently differed between right 
et eyes: Lenses tended to decenter 
‘Ctemperalty and tilt with their supe- 
onasal edges tipped forward. Decentra- 
tion magnitude relative to the cornea light 
. reflex axis ard line of sight averaged 0.64 
>. men, withedecentration increasing slightly 
with increased axial length. Average tilt 
- was. 6.75", and the average tilt-induced 
: astigmatism was 0.27 diopter. Tilt magni- 
tude decreased with increased axial 
length..aedidtil-induced astigmatism and 

plus sphere. 

‘Arce Cohthalmol. 1990;108:75-79) 













he effects of intraocular lens decen- 
tration anc tilt have been thor- 
-c oughly reviewed.’ However, published 
. . informatiomabout the measurement of 
-> decentration and tilt of lenses within 
— the living eve is limited. 

Postmortem measurement of in- 

- traccular lens position was performed 

by Haasen et al. They sectioned globes 
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along a coronal plane near the equator 
and, examining them from behind, 
measured intraocular lens position 
relative to an anatomic, rather than 
functional, reference—the center of 
the roughly circular geometric figure 
formed by the ciliary body. Extrapo- 
lating from the published data of 
Hansen et al; we calculate that in the 
222 eyes studied, intraocular lens de- 
centration, regardless of direction, av- 
eraged 0.63 mm. There have been two 
previous in vivo studies of intraocular 
lens decentration employing Pur- 
kinje’s image measurement.2* Our 
group’ found an average decentration 
of 0.7 mm in 13 eyes (excluded from the 
current study). Uozato et al,*in a study 
in which decentration in a given eye 
was rounded off to the nearest 0.4 mm, 
found an average decentration magni- 
tude of 0.87 mm in 38 eyes. 

In a clinicopathologic study of seven 
postmortem eyes, Lakshminarayanan 
et al’ measured an average intraocular 
lens tilt of 4.3°, but in that study, tilt 
magnitude was determined relative to 
only one randomly selected axis (ver- 
tical or horizontal) and thus may have 
been significantly underestimated. 
Komine® performed in vivo optical de- 
termination of intraocular lens tilt us- 
ing Purkinje’s image measurements in 
31 eyes and found an average tilt of 
6.8°. Uozato et al‘ found an average in- 
traocular lens tilt magnitude of 7.5° in 
38 eyes. Tilt magnitude averaged 7.8° 
in the 13 eyes previously measured by 
our group.’ 

In this article, we present in vivo 
decentration and tilt data on 89 poste- 


ivo Measurement of Posterior Chamber 


rior chamber intraocular lenses of the 
same type and size implanted by the — 
same surgeon. Tke optical system used 
in this study allows measurement of — 
both magnitude anc direction of de- 
centration and tilt and has been re- — 
ported previously.’ 


PATIENTS AND METHODS 


We selected for study 75 patients (89 =. 
eyes), ranging in age from 37.9 to 90.6 years 
(average, 72.5 years), in whom 0.4 to 42.4 = 
months (average, 12.2 months) had passed > 
since cataract extraction. We examined 43 
right and 46 left eyes of 50 women and 25 
men. All patients had undergone uncompli-_ 
cated extracapsular cataract extraction — 
with posterior chamber intraocular lens =- 
implantation during a 7-year period (1981 
to 1988) by a single surgeon (A.D.); the 
techniques used were those developed by = 
James P. Gills.’ Anterior capsulotomies - 
were square, with sides 6 mm long. After 
the anterior chamber was filled with air, th 
surgeon inserted the inferior intraocula 
lens haptic by sliding it inferiorly along the’ 
posterior capsule. During this maneuver, 
gentle pressure was applied to the posterior ee 
capsule with the inferior haptic to encour- ` 
age in-the-bag placement. After insertion 
of the inferior haptic, the surgeon grasped 
the superior flap of the anterior capsule 
with a forceps (Kelman-MecPherson) and `- 
inserted the superier haptic in the bag un- 
der direct visualization. Lenses were usu- 
ally not dialed after insertion, withthelong 
axis of the haptics oriented between the 70° 
and 120° meridians in 71 (92%) of the 77 -> 
eyes in which this axis:could be measured. — 
After surgery, the small anterior capsule 
flaps retracted and could not be seen; thus, —- 
haptic fixation could not be determined. All © 
89 intraocular lenses in this series had 2 
a 6-mm-diameter polymethylmethacrylate a 
convex-plano optic with a 13. 5-mm- 
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Fig: 1, Calculated intraocular lens decentra- 
ion relative to the cornea light reflex axis for 
multiple (four to nine) measurements on 10 dif- 
erent eyes, demonstrating satisfactory repro- 
‘ducibility. Each cluster of symbols represents 
a ‘different eye. Each symbol is used for more 
-than one eye. 
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intraocular lenses). 






_ Fig 2.—Decentration of 89 intraocular lenses... 
relative to the cornea light reflex axis, in milli- 
meters (solid triangles indicate right eye in- 
traocular lenses; and open squares, left eye 


Decentration relative to the cornea light 
reflex axis 
Magnitude, mm 


Direction, degrees 


Decentration relative to the line of sight 
Magnitude, mm 


Direction, degrees 


Distance between the line of sight and the 
cornea light reflex axis* 


intraocular lens decentration relative to the 
cornea light reflex axis * 


intraocular lens decentration relative to the 
line of sight * 


*Given as average, SD (range) in millimeters. 









diameter polypropylene modified J-loop 
haptic; 74 lenses had hapties planar with 
the optic, and 15 lenses had haptics angled 
10° forward. 

In the 89 eyes, we determined intraocular 
lens tilt and decentration relative to the 
cornea light reflex axis. We defined the cor- 
nea light reflex axis as the line connecting 
the fixation point, a light source at infinity, 
with the cornea light reflex of the fixation 
light (the first Purkinje image) when 
viewed from the fixation point. This axis 
passes through the cornea at the point 
where its anterior surface is perpendicular 
to the line of sight (in front of the eye). 

In 28 of the eyes, an additional measure- 
ment was made of the relative positions of 
the cornea light reflex axis and the line of 
sight (or principal line of vision’) under 
photopic conditions without pharmacologic 
pupil dilation. The line of sight is defined as 
the line from the fixation point through the 
center of the pupil and is parallel to the 
cornea light reflex axis in front of the eye 
when the fixation point is at infinity. 

Intraocular lens tilt-induced cylinder er- 
ror was calculated using the following for- 
mula: C = 0.000253 F #, where C indicates 
cylinder error, F is the intraecular lens 
power (in aqueous), and @ is the tilt angle in 
degrees. This equation expresses the cylin- 
der power required at the cornea to correct 
the error introduced by a tilted intraocular 
lens located 3.6 mm posterior to the corneal 
surface. It was derived from an optical 
analysis software program’ in which exact 
ray tracing is used to compute the location 
of the best image. Thus, it provides for the 
best correction of all aberrations, including 
coma as well as astigmatism. 

Both keratometric and undilated refrac- 
tive cylinder were measured in 74 eyes. 
Vector subtraction” of undilated refractive 
cylinder from keratometric cylinder pro- 
duced a value that we define as residual 
cylinder. 


RESULTS | 
_ Reproducibility of Nexsutemant 


-For each eye, we performed two to 


nine Purkinje image photographic 


measurements and determined the de- 
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centration and tilt of the intraocular 
lens by averaging the measurements. 
Measurement variation in a given eye 
was due to patient inattention, insta- 
bility of fixation, saccades, pseudopha- 
kodonesis, and error in measuring the 
Purkinje images off the patient photo- 
graphs. Figure 1 shows a representa- 
tive sample of decentration measure- 
ments for ten patients. The average SD 
of decentration magnitude was 0.056 
mm, and the average SD of decentra- 
tion direction was 4.3°. The SD was 
0.41° for tilt magnitude and 3.0° for tilt 
azimuth. Linear-regression analysis 
showed that SDs of measurement were 
not statistically related to patient age 
or visual acuity (mean Snellen visual 
acuity, 20/22; range, 20/10 to 20/60 
OU). 


Decentration 


In Table 1, the average position of 
the 89 intraocular lenses is given for 
right and left eyes relative to the cor- 
nea light reflex axis. Most intraocular 
lenses decentered superotemporally 
(Fig 2), with the average intraocular 
lens position being about 0.41 (right 
eye) or 0.25 (left eve) mm superotem- 
poral to the cornea light reflex axis. 
The difference in average direction of 
decentration between right and left 
eyes relative to the cornea light reflex 
axis was highly significant (¢ test, 
P < .001). In this series, the average 
magnitude of decentration, without 
regard to direction, was 0.64 mm. 

For the 28 eyes in which decentra- 
tion was measured relative to the line 
of sight and the cornea light reflex 
axis, the average distance between the 
two axes was 0.36 mm. The average 
magnitude of intraocular lens decen- 
tration was 0.62 mm relative to the 
cornea light reflex axis and, almost 
identically, 0.64 mm relative to the line 
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Fig 3.—Decentration of 28 intraocular lenses 
relative to the line of sight, in millimeters (solid 
triangles indicate right eye intraocular lenses; 
and open squares, left eye intraocular lenses). 
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Fig 4.— Tilt of &9 intraocular lenses, in degrees 
(solid triangles indicate right eye intraocular 
lenses; and open squares, left eye intraocular 
lenses). Along the x-axis, a positive value indi- 
cates that the superior aspect of the lens is 
tipped anteriorty. Along the y-axis, a positive 
value indicatesthat the aspect of the lens to the 
observer's left (patient's right) is anterior. The 
range of crystalline lens tilt, as determined by 
Tscherning,'' is as follows: hatched rectangle 
indicates right eye; and shaded rectangle, left 
eye. Average imtraocular lens tilt in this series 
is shown as follows: blue triangle indicates right 
eye; and blue square, left eye. 


of sight in these eyes. The intraocular 
lens pesitions (Table 2) relative to the 
two reference axes were similar. The 
difference in average direction of de- 
centration m the right and left eyes 
relative to the line of sight was signif- 
icant (t test, P < .01) (Fig 3). 


Tilt 


The intraocular lens tilt azimuth is 
defined as the axis, perpendicular to 
the cornea light reflex axis, about 
which the intraocular lens is rotated. 
From the examiner’s viewpoint, the 
intraocular lens edge that tilts for- 
ward (displaced anteriorly) is at 90° 
plus the azimuth of tilt. For example, 
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Tilt, Degrees 
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Fig 5.— Tilt magnitude plotted against axial length in 88 eyes. Solid line indicates regression line 


(P < .05). 


Decentration, mm 





Axial Length, mm 


Fig 6.—Decentration (relative to the cornea light reflex axis) magnitude plotted against axial length 
in 88 eyes. Solid line indicates regression line (not statistically significant} 


with an intraocular lens tilt azimuth of 
30°, the anterior-leaning edge is at 
120° and the posterior-leaning (poste- 
riorly displaced) edge is at —60° (300°). 

Magnitude of tilt for 89 eyes aver- 
aged 6.75°, with lenses tending to tilt 
with their superonasal edges tipped 
forward (Fig 4 and Table 1). The dif- 
ference in average tilt azimuths be- 
tween the right (—58.2°) and left 
(56.6°) eyes was highly significant (t 
test, P < .001). 


Intraocular Lens Tilt-Induced Cylinder vs 
Residual Cylinder 


Vector subtraction of the intraocu- 
lar lens tilt-induced cylinder from the 
residual cylinder produced a value that 
was, on the average, 0.025 diopter less 
in magnitude than the residual cylin- 
der (t test, not significant). Thus, no 
significant correlation between resid- 


ual cylinder and tilt-induced cylinder 
could be demonstrated. 


Tilt and Decentratioa vs Axial Length 


Linear-regression analysis revealed 
an inverse relationship between in- 
traocular lens tilt megnitude and axial 
length (Fig 5). Til- magnitude de- 
creased approximately 0.46° per milli- 
meter increase ia axial length 
(P < .05). 

Linear-regression analysis (Fig 6) 
shows that the magnitude of decentra- 
tion increases approximately 0.05 mm 
per millimeter increese in axial length, 
but the correlation coefficient is not 
statistically significant (P < .11). For 
28 eyes in which the magnitude of de- 
centration relative to the line of sight 
was measured, that variable increased 
0.08 mm per millimecer increase in ax- 
ial length (P < 09). However, prism 
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Fig 7.—A comparison of the distribution of de- 
centration magnitudes for posterior chamber 
intraocular lenses measured in 222 postmor- 
tem eyes? with the 89 eyes measured in vivo in 
the current series. 


induced by decentration was not re- 
lated to axial length. 


Other Relationships 


Linear-regression analysis showed 
that there were no statistically signif- 
icant relationships between the fol- 
lowing indexes: magnitude of intraoc- 
ular lens decentration and tilt vs the 
duration of time following surgery, 
patient age, patient sex, date of im- 
plantation, visual acuity, and haptic 
angulation (coplanar with the optic or 
angled forward). There was also no 
significant relationship between any of 
the four measurement quantities—tilt 
magnitude, tilt azimuth, decentration 
magnitude, and decentration azimuth. 


COMMENT 
Decentration 


The line of sight is useful because it 
represents the central ray in the im- 
age-forming light bundle (which is de- 
fined by the pupil).!? However, the po- 
sition of the pupil center, and there- 
fore the line of sight, is dependent on 
the degree of pupillary dilation."* The 
center of the pupil shifted up to 1.17 
mm (average, 0.52 mm) after pharma- 
cologic dilation in the 13 eyes in this 
series in which predilation and postdi- 
lation measurements were taken. In 
addition, the pupil center may migrate 
over time due to fibrosis or atrophy. 
Also, because the pupil is not neces- 
sarily centered on the visual axis, an 
intraocular lens centered on a decen- 
tered pupil will induce prism. 

For the aphakic eye, the cornea light 
reflex axis represents the true optical 
axis of the eye. If an intraocular lens is 
implanted and is centered relative to 
this axis, that intraocular lens will be 
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recorded as having zero decentration 
relative to the cornea light reflex axis. 
For this reason, and because the center 
of the pupil is not a fixed reference 
point, the cornea light reflex axis is a 
useful alternative reference. 

Despite differences in methodology, 
our decentration magnitudes (Tables 1 
and 2) correlate with published in 
vivo** and histopathologic? data. In 
addition, the distribution curve of in- 
traocular lens decentration by Hansen 
et al’ is similar to ours (Fig 7). 

As previously indicated, our data 
suggest that intraocular lens decen- 
tration increases as axial length in- 
creases. This could occur because, in 
longer eyes, intraocular lenses may 
have a greater range of potential 
movement in the coronal plane and 
therefore a larger average decentra- 
tion. Another possible cause is that the 
intraocular lens supporting structures 
(the capsular bag and zonules) may be 
more decentered. Increased axial 
length is generally associated with 
lower intraocular lens power and in- 
creased decentration. Decentration- 
induced prism remained relatively 
constant with increasing axial length 
in this study, as, by Prentice’s rule, in- 
creased decentration magnitude is bal- 
anced by decreased lens power. 


Tilt 


Our tilt measurements (Tables 1 and 
2) are comparable in magnitude to 
published in vivo*** and histopatho- 
logic data. 

With the small intraocular lens tilt 
angles (<16°) in our patients, we could 
not correlate tilt-induced cylinder 
with undilated refractive cylinder, due 
to both measurement error and the 
small magnitude of intraocular lens 
tilt-induced cylinder (average, 0.27 D) 
relative to the corneal (average, 1.65 D) 
and undilated refractive (average, 1.74 
D) cylinder magnitudes. 

The observed decrease in intraocu- 
lar lens tilt with increased axial length 
of the eye was noted above. This may 
reflect increased torsional forces act- 
ing on intraocular lenses inserted into 
smaller eyes, or greater tilt of the 
structures supporting the intraocular 
lens in smaller eyes. The tilt-induced 
cylinder magnitude was even more 
strongly related to axial length in this 
study, because the cylinder power in- 
creases as the square of the tilt. Re- 
gression analysis indicates that tilt- 
induced cylinder increases by 0.05 D 
per millimeter decrease in axial length 
(linear regression, P < .02). 

The total tilt-induced spherical 
equivalent increase for the intraocular 
lens is about 5/6 the magnitude of the 


tilt-induced cylinder. The average in- 
crease in lens effective power (tilt- 
induced plus sphere) in our series was 
0.23 D (range, 0.008 to 1.04 D). Intraoc- 
ular lens effectivity (at the level of the 
cornea), or the spherical equivalent of 
the intraocular lens, increases approx- 
imately 0.04 D per millimeter decrease 
in axial length (linear regression, 
P < .02). This may account for some of 
the discrepancy between required in- 
traocular lens power and the power 
predicted by formulas based on geo- 
metric optics. Particularly in eyes with 
short axial length, the large range of 
tilt magnitudes will affect the range of 
error in intraocular lens power calcu- 
lations. 


Causes of Decentration and Tilt 


Decentration and tilt may have an 
anatomic basis, reflecting the preoper- 
ative crystalline lens position. Decen- 
tration in our series was generally su- 
perotemporal, which is about 180° 
from the inferonasal meridian of fetal 
fissure closure. Tscherning,!! in the 
last century, estimated that the crys- 
talline lens is decentered about 0.25 
mm superiorly relative to the center of 
curvature of the cornea. 

Our data show a bilaterally symmet- 
ric tendency for intraocular lenses to 
tilt with their superonasal edges for- 
ward. Tscherning" also estimated that 
the crystalline lens tilts with its supe- 
ronasal edge forward, averaging 4° to 
7° of tilt about the 0° azimuth in both 
eyes, 2° to 3° of tilt about the 90° az- 
imuth in the right eye, and 2° to 3° of 
tilt about the 270° azimuth in the left 
eye. Our average in vivo measurements 
of intraocular lens tilt for right and 
left eyes lie within or close to those 
ranges (Fig 4). Thus, we speculate that 
the capsular bag, after extracapsular 
cataract extraction, may be tilted with 
its superonasal aspect forward and 
decentered superotemporal to both the 
line of sight and cornea light reflex 
axis. 

Decentration and tilt may also be 
explained in part by asymmetric hap- 
tic fixation.2!> With one haptic in the 
capsular bag and one in uveal tissue 
(the ciliary sulcus or body), we would 
expect decentration in the direction of 
the haptic in the uveal tissue. Simi- 
larly, the lens would be expected to tilt 
in such a way that the edge of the op- 
tic in the direction of the uveal-sup- 
ported haptic would be tilted forward. 
While we were unable to determine 
haptic fixation, we found that there 
was no correlation between tilt direc- 
tion and decentration direction. This 
was true for all the intraocular lenses, 
even for those with large magnitudes 
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n-or tilt or both, which 
‘suspect would be asymmet- 
‘ated. Neither was there cor- 
between haptic orientation 
zocular lens tilt and decentra- 
















ally, eperative technique may be 
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alignment of the intraocular lens by 
the surgeon, or variation in the com- 
pleteness of lens cortical cleanup at 
different meridians within the capsu- 
lar bag (which could result in asym- 
metric capsular fibrosis) could cause 
intraocular lens decentration and tilt 
in a preferred direction. For operative 
technique to explain our findings, how- 
ever, there would have to be a consis- 
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Multiple Orbital Neurofibromas 


Unassociated With von Recklinghausen’s Disease 


Jerry A. Shields, MD; Carol L. Shields; MD; Wolfgang E. Lieb, MD; Ralph C. Eagle, MD 


è A 58-year-old man with a 10-year his- 
tory of right periorbital pain treated with 
multiple analgesics presented with slowly 
progressive exophthalmos of the right 
eye. Orbital imaging studies disclosed 
three separate well-defined tumors, lo- 
cated in the temporal fossa, the intraconal 
space, and within the floor of the orbit. All 
three tumors were removed intact and 
proved on histopathologic evaluation to 
be localized neurofibromas. The patient 
had complete relief of the chronic pain fol- 
lowing removal of the tumors. We empha- 
size that the unusual occurrence of multi- 
ple circumscribed orbital tumors should 
suggest the diagnosis of neurofibroma 
even in the absence of von Recklinghaus- 
en’s neurofibromatosis. 

(Arch Ophthalmol. 1990; 108:80-83) 


The best known orbital neurofibro- 

mas are of the plexiform type, oc- 
curring in patients with von Reckling- 
hausen’s neurofibromatosis.'? Isolated 
orbital neurofibromas unassociated 
with systemic neurofibromatosis are 
rare and may be difficult to differen- 
tiate clinically from other solitary cir- 
cumscribed orbital tumors.?* Isolated 
orbital neurofibromas have a peculiar 
tendency to occasionally occur as mul- 
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tiple lesions in one orbit.*> We report 
the case of a patient who had no 
systemic manifestations of neurofi- 
bromatosis but who had three separate 
neurofibromas develop in his right or- 
bit. 

REPORT OF A CASE 


A 58-year-old white man was referred to 
the Oncology Service at Wills Eye Hospital, 
Philadelphia, Pa, in December 1988, be- 
cause of pain and exophthalmos of his right 
eye. He related that he had undergone suc- 
cessful surgery for blepharoptosis of the 
right upper eyelid in 1971. He experienced 
the gradual onset of rather severe pain in 
the region of the right eye in about 1978 and 
he was treated by his internist for 10 years 
with oral analgesics. In 1986 he was exam- 
ined by an otolaryngologist for a painful 
subcutaneous swelling in the right tempo- 
ral fossa; a biopsy specimen was obtained 
that was diagnosed histopathologically as a 
neurofibroma. No further treatment was 
done and the chronic pain persisted. The 
patient’s internist noted exophthalmos of 
the right eye in December 1988 that 
prompted a referral for ophthalmologic 
evaluation. The patient had no personal or 
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familial medical history of neurofibroma- 
tosis. 

Examination in the Oncology Service re- 
vealed a systemically healthy man who 
complained of constant and persistent mod- 
erately severe pain in the right periorbital 
area that had been present for 10 years. 
Cutaneous examination revealed no café au 
lait spots and no peripheral nerve sheath 
tumors. The only pertinent findings were 
confined to the ocular region. 

The patient’s best corrected visual acuity 
was 6/12 OD and 6/6 OS. Applanation 
intraocular pressures were 18 mm Hg OU. 
There was 10 mm of exophthalmos of the 
right eye and 2 mm of ptosis of the right 
upper eyelid (Fig 1). Ductions were full ex- 
cept for a slight limitation of abduction and 
supraduction of the right eye. An ill-de- 
fined, firm, tender mass could be palpated in 
the right temporal fossa. Slit-lamp biomi- 
croscopy showed corneal stromal haze and 
ghost blood vessels compatible with old in- 
terstitial keratitis in both eyes. No promi- 
nent corneal nerves were observed and 
there were no Lisch nodules on the irides. 
Fundus examination revealed normal find- 
ings, with no signs of compression of the 
optic nerve or the globe. 





Fig 1.—Clinical photograph showing exophthalmos of the right eye. 


Orbital Neurofibromas— Shields et al 





Fig 2.—Computed tomography. Left, Axial cut showing separate tumors in intraconal space and 
in temporal fossa (arrows) Right, Coronal cut showing tumors in temporal fossa, intraconal space, 
and in floor of orbit (arrows). 
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Fig 3.— Gross photograph of the smaller tumor from the orbital floor, showing the nerve entering 


the mass. 


Orbial computed tomography revealed 
three distinet tumors in the right orbital 
region (Fig 2). One filled the temporal fossa 
lateral tothe zygomatic arch, a second oc- 
cupied most of the retrobulbar area and 
displaeed the optic nerve superonasally, 
and a third was in the floor of the orbit, 
protruding dewnward into the thinned roof 
of the maxillary sinus. No evidence of sphe- 
noidal hypoptasia was noted. Orbital mag- 
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netic resonance imaging demonstrated the 
three masses and suggested that each was 
somewhat cystic centrally. Each mass was 
isointense to vitreous on T,-accentuated 
images and hypointense to vitreous on T,- 
accentuated images. 

The tumors were approached via an 
inferolateral orbitotomy. The tumor in the 
temporal fossa was exposed and removed 
first. It was oval, well circumscribed, and 


measured 35 X 20 x 20 mm. An osteotomy 
was then performed and the lateral wall of 
the orbit was removed. Blunt dissection was 
used to expose and remove the intraconal 
mass. It was round, circumscribed, and 
measured 22 X 20X18 mm. The inferior 
orbit was then explored and a similar cir- 
cumscribed mass measuring 12 X 12 X 10 
mm was removed fromthe orbital floor and 
the roof of the mexillary sinus. When ex- 
posed each of the three tumors was dis- 
tinctly continuous with a peripheral nerve, 
suggesting that it arose from the nerve (Fig 
3). 

On the first day aftersurgery, the patient 
noted a marked relief of his chronic pain. 
His postoperative course has been unre- 
markable. He is comfortable and pain free 
9 months after surgery. 


PATHOLOGIC FINDINGS 


The macroscopic appearances of the 
three circumscribed tumors are de- 
scribed above under the surgical ob- 
servations. All three specimens had 
similar histologic findings (Fig 4). A 
poorly developec capsule was evident 
in some areas. The sparsely cellular 
peripheral portien of each tumor was 
composed of interlacing bundles of 
collagenous comnective tissue with 
sparse wavy fusiform nuclei between 
the collagen bundles (Fig 5). Some ar- 
eas of the tumor were more cellular 
and had a distinct neural appearance 
(Fig 6). The central portion of each tu- 
mor was acellular and myxomatous in 
appearance (Fig 7). The material in 
that region stained positive with al- 
cian blue, but it was only mildly sensi- 
tive to hyaluronidase. Bodian stains 
were positive for axons. The final his- 
topathologic diagnosis was multiple 
peripheral nerve sheath tumors (neu- 
rofibromas) with extensive hyaliniza- 
tion. 
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Fig 4.—Low-power photomicrograph of one of 
the tumors showing the rounded mass with a 
poorly developed capsule (C). The peripheral 
portion of the mass (P) is cellular and the large 
central portion (CP) appears cystic. The arrows 
depict the enlarged tumorous nerve that enters 
into the mass (hematoxylin-eosin, original 
magnification X 10). 
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Fig 5.—Photomicrograph of the enlarged tu- 
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Fig 6.—Photomicrograph of peripheral portion of one of the orbital tu- 
mors showing bundles of tumor cells separated by loose myxoid stroma 
(hematoxylin-eosin, X 100). 
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Fig 7.—Photomicrograph of more central portion of the tumor showing 
loose myxomatous tissue (hematoxylin-eosin, X 100). 
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COMMENT 


ae Neurcfibsomas account for only 
about 1% of ərbital tumors that come 
_ te biopsy. ™Qrbital neurofibromas can 
< be eategorized into three subsets: plex- 
=- iform, diffuse, and localized* The 
_ — plexiform reurofibroma is virtually al- 
Ways seen in conjunction with von 
- Reeklinghausen’s neurofibromatosis 
and is considered to be pathognomonic 
of that syncrome. Histopathologically, 
‘itis composed of interwoven bundles of 
‘axons, Schwann cells, and endoneural 
‘fibroblasts within a mucoid matrix. A 
= s distineteve feature is a well-demar- 
> cated, cellu‘er perineural sheath that 
. defines the individual tumor cores. Dif- 
_ fase orbital neurofibromas have a 
| more wariable association with 
neurcfibrorastosis.*’ They differ histo- 
pathclogicaly from plexiform neu- 
rofibromas valy by their absence of a 
=t distinct perineural sheath. Localized 
orbital neurcfibromas generally occur 
©: as isclated tumors and are less often 
associated with neurofibromatosis. 
Consequently, they can be difficult to 
differentiate clinically from neurilem- 
omas (echwennomas) and other cir- 
camserided orbital tumors. Histo- 
pathclogically, the localized neurofi- 
broma is a crcumscribed tumor that 
| usually | accs a true capsule, although 
{ tumorin our patient had a poorly 
oped capsule. 
tary Pur roni designates a 
Jocalized neurofibroma that, by defini- 
tion, oceurs m a patient who does not 
© have elmica evidence of von Reck- 
i linghausen s neurofibromatosis.* Al- 
‘hough eaca lesion in our patient was 
cinically anc histopathologically com- 
patible witn-a solitary neurofibroma, 
the term “selitary” is inappropriate 
fer a patiert with multiple tumors. We 
believe cha: the tumors in the orbit of 
our patient would best be classified as 
multiple localized neurofibromas. 
Clinically, orbital neurofibromas 
can attain a large size and can produce 
severe exophihalmos and pain. In such 
~ instances, surgical removal of the tu- 
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mor is the most accepted form of man- 
agement. Debulking surgery may be 
necessary to relieve patient discomfort 
and improve the cosmetic appearance 
of patients with plexiform and diffuse 
neurofibromas. Such lesions are diffi- 
cult to excise completely. They tend to 
recur, often necessitating additional 
surgery. Because localized neurofibro- 
mas are well-circumscribed tumors, 
they can often be removed intact, and 
they are much less likely to recur. All 
three of the tumors in the orbit of our 
patient were completely removed and 
the patient experienced relief of the 
chronic periorbital pain for the first 
time in 10 years. 

The occurrence of multiple localized 
neurofibromas in one orbit is not 
unique to our patient. Gurland and 
associates’ reported the case of a pa- 
tient in whom 10 circumscribed orbital 
neurofibromas developed in one orbit; 
all of the neurofibromas were removed 
intact. However, their patient had von 
Recklinghausen’s neurofibromatosis. 
Krohel and associates,‘ in reviewing 
cases from the Albany (NY) Medical 
Center and Moorfield’s Eye Hospital, 
reported cases of nine patients with 
localized orbital neurofibromas, five of 
whom had multiple tumors. Only one 
of the nine patients had systemic find- 
ings of neurofibromatosis. The true 
association of localized orbital neu- 
rofibromas with von Recklinghausen’s 
neurofibromatosis is still obscure. Al- 
though several affected patients have 
had no recognizable signs of the sys- 
temic syndrome and no family histo- 
ries of neurofibromatosis, it is possible 
that they could represent a limited 
forme fruste of von Recklinghausen’s 
disease. 

The ophthalmologist is often con- 
fronted with a patient with exophthal- 
mos in whom orbital computed tomog- 
raphy reveals a well-cireumscribed or- 
bital mass. In these instances, the 
differential diagnosis generally in- 
cludes cavernous hemangioma, neuril- 
emoma, fibrous histiocytoma, heman- 


giopericytoma, epithelial Ta of i 
the lacrimal gland, and other tumors. 
Almost all of these tumors occur as — 
solitary lesions and,with the exception 
of adenoid cystie carcinoma of the lac- — 
rimal gland, they do not generally i: 
produce pain. We have recently — 
treated a patient with two painless 
cavernous hemangiemas in one orbit, _ 
but such an oecurrezce is rare. Whena 
patient has multiple circumscribed tu- _ 
mors develop in oneorbit, particularly 
if there is associatec pain, orbital neu- 
rofibroma should be a major diagnos- — 
tic consideratior even in the absenceof 
systemic neurof bromatosis. Such pa- 
tients can experience relief of the pain _ 
following surgical removal of the tu- 
ae TRR 
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To evaluate antiallergic agents, we 
ducted five allergen challenge studies 
ncreasing refinement. The final study 
sign that evolved included two baseline 





hallenge. At the first visit, the thresh- 
old dose of reactivity was determined by 
ore asing allergen doses at 10-minute in- 
tervals. At the second baseline visit, 3 
ys later, the responsive subjects were 
challenged with the final, highest dose 
sed on visit 1 to assure that the allergic 
action was reproducible and not a cu- 
ulative effect of multiple allergen doses. 
esponsive subjects then returned 3 
ay ater for the drug efficacy evaluation. 

er a slit-lamp examination, subjects 
pretreated with the test drug in one 
1@ and the placebo in the fellow eye in a 
ndomized, double-masked fashion. Af- 
10 minutes, subjects were challenged 
laterally with the allergen dose identified 
o he previous visits. Postchallenge eval- 
uations of hyperemia, itching, chemosis, 
lid swelling, and tearing were per- 
rmed at 3, 10, and 20 minutes. Subjects 
e rechallenged 4 hours after drug ad- 
ministration to assess duration of action. 











J ‘any ocular allergic diseases can be 
classified by the appearance of 
certain caver vine clinical character- 


filtrates i in vernal conjunctivitis, cor- 
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onjunctival Allergen Challenge 


ark B. Abelson, MD; Wiley A. Chambers, MD; Lisa M. Smith 


Slit-lamp examinations were again per- 
formed at the same intervals as after the 
initial challenge. A total of 396 subjects 
were given a baseline allergen challenge; 
83.6% responded with a moderate (2+) 
ocular allergic reaction. Of the 266 given a 
second baseline challenge, 87.2% re- 
sponded positively again, suggesting that 
ocular challenge was highly correlated 
with skin reactivity and reproducible with 
a second challenge. No statistically signif- 
icant difference in redness and itching 
was found when both eyes were chal- 
lenged with the same dose of allergen. 
There was a significant decrease in the al- 
lergic reaction of a placebo-pretreated 
eye compared with its baseline response, 
and the response to rechallenge was less 
than the initial one. Of the 950 challenges 
administered, only two mild systemic re- 
actions occurred, demonstrating the safe- 
ty of this incremental challenge method. 
We conclude that this methed of allergen 
chalienge is safe, reproducible, and sym- 
metric, but a refractory period may exist 
when the eye is challenged a third and 
fourth time in an 8-day period. We now 
separate the challenge visits by 7 days. 
{Arch Ophthalmol. 1990; 108:84-88) 


neal vascularization, recurrent cor- 
neal infiltrates, and melting tenden- 
cies associated with hair loss and ec- 
zema in atopic dermatoconjunctivitis, 
eyelid edema, lichenification in con- 
tact- and drug-related dermatocon- 
junctivitis, and, finally, the classic 
signs and symptoms of conjunctival 
hyperemia, edema, and itching associ- 
ated with acute allergic conjunctivitis. 

The variability of the signs and 
symptoms of acute allergic conjunc- 
tivitis, diurnally and from day to day, 
is clearly related to the amount of con- 
junctival allergen contact. This vari- 
able and intermittent stimulus and its 
resulting response do not provide a 
suitable baseline for evaluating the 
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efficacy of potential antiallergic 
agents. More difficulties are encoun- 
tered if one uses a drug vehicle as a 
control, since this may attenuate the 
allergic response in several ways: (1) it 
may act as a tear substitute that can 
minimize antigen penetration to the 
conjunctiva; (2) it may act as a diluent 
to the antigen; or (3) it may enhance 
the conjunctival transit time of the 
antigen. In many of our clinical envi- 
ronmental studies, these mechanical 
properties of placebo controls have 
been shown to elicit a “drug effect” in 
approximately 70% of the treated sub- 
jects. 

To precisely evaluate and compare 
anti-inflammatory agents, mast cell 
stabilizers, antihistamines, vasocon- 
strictors, phosphodiesterase inhibi- 
tors, and anti-IgE compounds, a con- 
trolled and reproducible situation is 
required. Our previous models of acute 
allergic conjunctivitis, histamine,’ 48/ 
80, or arachidonic acid,’ administered 
topically to the eye, have been helpful 
in studying allergic ocular disease but 
they do not have the clinical validity of 
antigen-induced mast cell degranula- 
tion. We have, therefore, modified the 
conjunctival provocation test of Moller 
et al* for the evaluation of antiallergic 
compounds in a study design that min- 
imizes the potential variables of the 
allergen challenge model.’ We report 
data obtained from this standardized 
technique and various study designs 
that have proved to be safe and repro- 
ducible in 396 subjects. 


SUBJECTS, MATERIALS, AND METHODS 


The subject selection was an important 
step in performing these antigen challenge. 
studies. Only normal, healthy volunteers 
who were not using any type of topical 
agent or systemic medication that might 
have interfered with results were allowed 
to enter the studies. 

Inclusion criteria were as follows: (1) able 
and willing to give consent; (2) between the 
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| any race; (4) willing and able to make 
. required stucy visits; (5) able to follow in- 
= struct: ns: (€) history of symptoms of a 
cil ly actve allergic conjunctivitis; (7) 
= posit we diagnostic test (skin or radioaller- 
_ goserbkent teats) for allergic disease; if the 
< subject had ro historical documentation of 
> this, æ skin prick test was performed, (8) 
_ willing to avoid disallowed medications 
-c during the study period; and (9) a success- 
- ful challenge. inducing at least moderate 
- ftehing (2+) anc redness. 
. Execusion eriteria were as follows: (1) 
- preserce of a bacterial or viral ocular in- 
. feetior; (2) presence of dry-eye syndrome, 
- blepharitis, follicular conjunctivitis, iritis, 
or: preauricalar lymphadenopathy; (3) 
wearing of contact lenses during the course 
estudy; (4) taking any systemic med- 
‘ideation that right have interfered with the 
study; 5) presence of any significant illness 
‘that cwuld inverfere with the study, partic- 
< ularly any auteimmune disease such as 
O -rheumatoid arthritis that can be associated 
< with dry-eye syndrome; (6) use of any top- 
ical ophthalmic solutions during or at least 
2 weeks prior to the study, including tear 
substiautes; subiects who had taken oph- 
thalme: medeations that require longer 
than = 2-weex washout; and (7) exhibiting 
signs end symptoms of allergic conjunctivi- 
tis on. taking the baseline examinations 
prior to entry into the study on days 1, 4, 
or &. 























Concomitant Medications 













f pini Medean: that could 
set best mcasarements, particularly an- 
jhistamines,. decongestants, and nonste- 
-oidal anti-iaflammatory agents. If sub- 
-= jects were taxing medications that would 
not afect test measurements, the dosage 
and administration of these ‘medications 
were kept constant throughout the.dura- 
tion of the study. All concomitant medica- 
tion was thoroughly documented. 








‘Materials 


Three types of antigens were used in 
these studies: Kentucky bluegrass (Poa 
pratersis), saori ragweed {Ambrosia ar- 
_ temistaefolia:,and allergenic extract of cat 

< hair aad damier (Felis domesticus). Serial 
po arma were remade from the stock antigen 








E aa ane  [AUV mL: cat otakt 50 000 
= AU/ni for meremental usein the allergen 
challesge. Sm cilutions of bluegrass and 
ragweed were used, doubling in concentra- 
tion with eaca:siep, from 19 te 625 AU/25- 

pL dose. Four dilutions of cat extract were 
used: 125, 250) 625, and 1250 AU/25-uL dose. 


Methods: Final Study Design 
ries Visit. 





—~Bemographie data, medical 


sent were peers from Cer E ecl H 
_ prior writter documentation of allergy, 
ee identiked ay Paaa skin or radioaller- 





21Biand 65 S years; (3) either sex and of | 


j 
1+ = Mild 
2+ = Moderate 
3+ = Severe 













0 = None 










= Severe (ballooning of conjunctiva) 


1+ = Mild tearing (eyes teel slightly watery) 
















1+ = Mild (intermittent tickling sensation) 


4+ 





1+ = Mild (detectable with slit lamp, conjunctiva separated from sclera: 
et == Moderate (visually evident, raised conjunctiva, especially at the limbal area) 


= Moderate tearing (blows nose occasionally) 
= Severe toong nears rolling down cheeks) 


2+ = Moderate (continual awareness but without the desire to rub) 
3+ = Severe (continual awareness with the desire to rub the eyes) 
= incapacitating itching (subject insists on rubbing eyes) 


*Photographs depicting these gradations of redness are used as a guide. 


Challenge Baseline 


Study No. Method Visits 


Bilatera! 
Bilateral 
Unilateral 
Unilateral 
Bilateral 


Concepts, High Field House, Derby, En- 
gland) was saturated with stock solution of 
allergen (ragweed or grass: 100000 AU/mL,; 
eat: 50000 AU/mL), and the swabbed fore- 
arm of the subject was pierced. A positive 
reaction was any definitive wheal and flare 
present after 10 minutes. The size of the re- 
action was then drawn and the form kept on 
file as written documentation. 

If the results of the skin test were positive 
for any one of the three allergens, an oph- 
thalmologic examination was given to ex- 
clude subjects currently exhibiting clini- 
cally significant signs and symptoms of al- 
lergic conjunctivitis (any itching or 
conjunctival redness >1+) (Table 1). 

Based on the subject’s allergic sensitiv- 
ity, one of the three allergens was used for 
the conjunctival allergenic challenge. If the 
subject did not respond to the first allergen 
tested, he or she was challenged with an- 
other of the allergens to which he or she had 
elicited a positive skin reaction. 

A bilateral ocular allergen challenge was 
performed in which 25 uL of the diluent, and 
then 25 „uL of increasing doses of allergen, 
were administered bilaterally with an Ep- 
pendorf digital pipette (Brinkman Instru- 
ments, Inc, Westbury, NY) and a sterile tip. 
A positive reaction was defined as at least 
a redness and itching score of 2+ in both 
eyes within 10 minutes of the last adminis- 
tered dose. 

Visit 2.—Those subjects who responded 
on visit 1 and who had met all other inclu- 
sion and exclusion criteria were entered 


Subjects Nonresponders 


Screened 


Others ; 
Discontinued Completed 


to Allergen 
7 





into visit 2, day 4. At “his visit, a baseline 


slit-lamp examination was performed to A 


exclude any subjects with signs or symp- 
toms of allergic zonjunctivitis. Subjects ._ 
with nonallergic eyes were then adminis-..- 
tered the final dose of ellergen identified as 
the threshold dose for <+ responsivenesson > 
visit 1. If this allergen jose again eliciteda 


2+ itching and redness response in both a 


eyes, the subject was 2ntered into visit 3, 
day 8. ot 
Visit 3.—Those subjeets who had re- = 
sponded at visits 1 and 2 with 2+ itching 
and redness to the same dose of allergen | 
and who had met all ocher entry inclusion — 


and exclusion criteria were enteredintothe — 


study on day 8. Subjects were excluded who ~ 
had baseline signs or symptoms of allergic — 


conjunctivitis. Ten minutes after drug ` 


treatment in cne eye and placebo in the. - 
contralateral eye, bilaceral allergen chal- — 
lenge was performed. Postchallenge evalu- ` 
ations occurred af 3, .0, and 20 minutes. © 
Four hours after drug administration, sub- 
jects were rechallengee and reexamined to — 
assess the drug’s Cura:ion of action. a 

To maximize thesencitivity and accuracy 
of the allergen challenge model, new infor- 
mation gained from each allergen challenge ~ 
study was incorporated into subsequent... 


protocol designs. While the final study de- ` 


sign that has evolved :s outlined in detail 
above, the first four studies must be men- _. 
tioned briefly to understand the evolution- 
ary process. 

In the first two studies, a bilateral ocular 
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Fig 1.—The conjunctival, episcleral, and ciliary hyperemia elicited by 
ocular allergen challenge to a sensitized subject. 


allergen challenge was given at the baseline 
visit and 1 week later at the drug evaluation 
visit. No rechallenge was performed after 
drug administration. 

To further refine the study population, a 
second baseline challenge visit was added to 
the next two studies. In addition, we mod- 
ified the allergen challenge procedure at 
these baseline visits, performing it unilat- 
erally instead of bilaterally, in a method 
similar to that of Moller et al.* These 
changes provided two advantages: (1) any 
subjects who had reached the moderate al- 
lergic response (2+) on visit 1 only with the 
cumulative allergen dose received with re- 
petitive challenges would be eliminated and 
(2) only subjects who had a reproducible 
reaction, even at the lowest dose, would be 
included in the test drug evaluation. Bilat- 
eral challenge was performed at the drug 
evaluation visit, and a rechallenge was ad- 
ministered either 2 or 4 hours after drug 
instillation to evaluate the drug’s duration 
of action. 

Since unilateral baseline challenge did 
not require a moderate response (2+) in 
both eyes, and we were concerned about the 
symmetry of the response, we reverted to 
bilateral baseline challenge in the final 
study. The second baseline challenge visit 
was retained. 

Table 2 gives a summary of the five 
studies, with differences in protocol design 
outlined, and it shows the number of sub- 
jects screened and entered. The sample size 
varies depending on the type of study de- 
signs used. When the evaluation of these 
data subsets required statistical analyses, 
the paired two-tailed t test and Signed- 
Rank Sum Test were used. 


RESULTS 
Safety 


A total of 396 skin test-positive sub- 
jects who had a history of allergic con- 
junctivitis were entered and chal- 
lenged on the initial baseline visits of 
the five studies. For the completion of 
these studies, approximately 950 ocu- 
lar challenges were performed. Only 2 
cases of systemic reactions occurred. 


86 = Arch Ophthalmol—Vol 108, January 1990 





subject. 
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Fig 2.—Chemosis elicited by ocular allergen challenge to a sensitized 


[C] Challenged 
[C] Responded 


72-Hour Rechallenge 


Fig 3.—The number of skin test-positive subjects who had a history of allergic conjunctivitis and 
who responded positively to ocular allergen challenge, and the number of ocular-positive 


our laboratory. 


In one asthmatic patient, mild bron- 
chial constriction, without wheezing, 
occurred 15 minutes after ocular aller- 
gen challenge and was immediately 
treated with intramuscular epineph- 
rine hydrochloride and diphenhy- 
dramine hydrochloride. Respiratory 
allergic signs disappeared within 24 
hours. One case of urticaria occurred 
approximately 8 hours after challenge 
and lasted for approximately 24 hours. 

One case of exaggerated local peri- 
orbital swelling was also reported. 
This occurred approximately 12 hours 
after challenge and lasted for approx- 
imately 3 hours. 


Similarity to Clinical Disease 


The clinical relevance of this model 
was supported by the appearance of all 


‘ responders who reacted positively a second time from the total number of subjects challenged in 


the signs and symptoms of allergic 
conjunctivitis: itching, tearing, slit- 
lamp evidence of conjunctival vasodi- 
lation, chemosis, and eyelid swelling 
(Figs 1 and 2). 


Relationship to Positive Dermatologic 
Reactivity 


A positive skin test was predictive of 
a positive ocular challenge in 331 
(83.6% ) of 396 subjects who had a his- 
tory of allergic conjunctivitis. 


Symmetry of Allergic Reaction 


Evidence for a bilaterally similar 
ocular response was necessary to use 
the contralateral eye as the control. 
Therefore, at the baseline visits of the 
final study (completed number of sub- 
jects, 75) both eyes were simulta- 
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>x- ilaria both 
-significant differences noted for itch- 


















= a dy challenged and data from each 


eye were recerded individually. The 
allergic response was found to be sim- 
eyes, with no statistically 





ing §P=.52) or for conjunctival 
. (P = 16), eoiseleral (P = .60), or cili- 
-ary hyperemia (P = .85). 
Reoroducibility and Refractoriness 

of Response 


On day L cf the 331 subjects who 





. showed a positive ocular response to 


- challenge, 266 were given a second 
: baseline-cha lenge before the drug test 
day. Of these 266 subjects, the positive 
_ oeular allergic response was reproduc- 
ible in 232 (37.2% ) of the subjects (Fig 


In study é, Sin which 55 subjects were 


Sent imtiady challenged, it was possible to 
< . determine 
and itching? 
te day 8. The actual allergic scores 


the change in the redness 
ceres from day 1 to day 4 






(redness and itching) obtained on day 
1 were reprodacible on day 4, with no 
statistically significant differences 
found (iteaing: P= .727, redness: 
P = £87). After placebo pretreatment 
on day 8, the redness and itching scores 
were significantly decreased compared 
with resultsebtained on day 4 (itching: 
P= (001. redness: P = .0001). 

Data were also analyzed from pla- 





E c eebo eyes chalenged twice in one day. 
o hirt 
-o eebo in one eye and drug in the con- 
<  tralateral eye (the remainder of the 
_. subjeets of this study were adminis- 
TS tered active drug in both eyes) were 


+ 





y-foursu! bjects who received pla- 





g at 2 hours in study 3. 

iP = 021) and itching 
(P= 906) w were Gaal decreased 
in the placehe eyes at rechallenge com- 
pared with the initial seores. Forty- 
seven subjects received placebo in one 
eye and drug m the contralateral eye 
and were rec -hallenged after 4 hours in 


study 4. A sgznificant decrease in iteh- 
* ing (P = 839), 

(P= 68), was noted in the placebo 
o5 v eyes at rechallenge. 


but not redness 


COMMENT 


We nave been performing ocular al- 
lerger challenge studies for the past 
year for the evaluation of antiallergic 
agents. Witn the completion of each 
study, more information was gained 
_ about the ocular response to challenge, 
causing us te reevaluate and modify 
our orginal oretocol design. At first, in 
stadies 1 and2. only one baseline chal- 
_ lenge was required for entry into the 
drug. Jest evaluation. However, the 
¢ on arese.as to whether the reac- 
cited on the drug day, when only 
ral highest dose of allergen was 
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administered, was similar to that on 
the screening day, when multiple doses 
were given until a positive reaction 
was elicited. Thus, an interim baseline 
challenge was incorporated, when the 
subjects were challenged only with the 
final threshold dose identified at the 
initial visit. If subjects did not react to 
this dose alone, they were excluded 
from the study. 

Studies 1 and 2 also used bilateral 
allergen challenge at the baseline visit 
for determination of the threshold 
dose. To minimize the cumulative ef- 
fect of repetitive challenges on the 
baseline visit, we switched to unilat- 
eral challenge in studies 3 and 4. This 
method, similar to that of Moller et al,’ 
involved alternating eyes with each 
increasing dose. This minimized the 
effect of multiple challenges to the 
same eye and better defined the 
threshold dose. 

We then became concerned whether 
the population of subjects entered into 
the drug day responded to the allergen 
in a bilaterally symmetric fashion—a 
crucial point since the contralateral 
eye was used as a control. Since the in- 
terim challenge day already excluded 
any subjects who had responded to a 
cumulative dose at the initial visit, we 
decided to revert to bilateral challenge 
with an interim visit for study 5. This 
design ensured that (1) the subjects 
used were bilaterally symmetrical re- 
sponders, since a moderate reaction 
(2+) was required in both eyes, and (2) 
all subjects who were not true respond- 
ers were eliminated, ie, those who ac- 
tually required the total cumulative 
dose of allergen instilled on day 1 to 
achieve a moderate reaction. 

This study design optimizes the rel- 
evance and predictability of this model 
for the evaluation of potential an- 
tiallergic agents. It has been shown to 
be safe in 396 subjects, with systemic 
reactions reported in only 2 patients. 
Only 1 case of respiratory distress was 
reported in approximately 950 chal- 
lenges performed. While this does rep- 
resent a rare occurrence, patient 
safety dictates that anaphylactic ther- 
apy must be available in the clinic. 

The similarity of the effects of ocu- 
lar challenge to clinical allergic dis- 
ease was apparent. To the examining 
physician, the pattern of vasodilation, 
the appearance of the chemosis, eyelid 
swelling, and tearing, and the subjec- 
tive report of itching was similar to 
that seen in a patient presenting with 
clinical ocular allergy. 

The bilateral symmetry in allergic 
response observed in these subjects 
supports the use of internal controls 
(ie, right eye compared with left eye in 


the same person? for the assessment of ee 
new compounds. The disadvantages of 
evaluating drugs ir the clinical set- — 
ting—the innate variability of allergic ~ 
disease, the subjective nature of symp- 
toms like itching, and the positive ef- _ 
fects of the placebo—are overcome 
when internal centrols are used inthe 
allergen challenge model. Internal © 
controls have provided a level of sensi- _ 
tivity from which statistically rele- 


vant data on the efficacy of new com- 


pounds can be derived. 


We have found that the response i — 
allergen challenge was consistent and = 
reproducible within certain time _ 
frames. Of subjects given two baseline 
challenges, 87% reacted positively a > 
second time, showing that the re- =- 
sponse to allergen challenge was re- — 
producible. Further analysis showed 
that no statistically significant differ-  _ 
ences existed in the actual redness and 
itching scores of ell subjects chal- i 


lenged on days J and 4. 


Refractory periods may have been _ 
identified in sukjects who were chal- ~> 
lenged three times, 3 days apart, and 
also in subjects whe were challenged 
twice in the same day. However, in 
these cases, the third challenge was 
not in naive eyes, as were the first two; _ 
it was in placebo-pretreated eyes, with _ 
active drug administered to the fellow 
eyes. Thus, the decreased response 
could have been due to the moisturiz- 
ing placebo enhancing the tear films .- 
ability to act as a barrier to antigen 
attachment. Another possibility is 
that a slight contralateral effect ofthe — 
drug was presert. This did not inter- 
fere with drug evaluation since the _ 
difference between the eyes was usu- 
ally dramatic. Washing away of the — 
allergen was nct a factor, since the 
placebo was never given after, but al- > 


ways before, the peat challenge. 
Nevertheless, it i 


lar allergic disease. 


The possibility that previous con- : 
junctival mast cell experience can al- 
ter its ability to function with future : 
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is possible that this a 
decreased response is a real phenome- 
non relating to an inability of the mast 
cell to degranulate with the same in- > 
tensity after either too short a period 
between challenges or with too many = 
challenges within a longer timeframe. ` 
This was a dose-dependent phenome- 
non. In pilot studies, an allergic reac-. 
tion of equal magnitude has been elic- 
ited at each of these time points when |. 
the dose of the allergen was increased. > 
This suggests that complete mast cell 
depletion was nct a factor. The recog- 
nition of a transient refractory period > 
may help to explain some of the inter- 
subject variability seen in clinical ocu- E 





















seline visits to maintain an 
ic exposure for the eval- 
he drug on day 8. However, 
-studies in which we used 
nilateral. baseline challenges, the 
evaluated were considered ef- 
ve because the differences be- 
en the eyes were dramatic. Thus, it 
yossible that while unilateral base- 
ne challenges have not been shown to 
ctor in the evaluation of the 
igly active agents, bilateral chal- 
e may maintain the more symmet- 
conjunctival mast cell experience 
for the evaluation of margin- 
ly active agents. 

finding that a positive skin test 
thly predictive of ocular allergic 
vity (84%) suggests that this 
le procedure could be used by 
Ops halmologists as a diagnostic tool 
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a o fora valar allerey. In Parcoeka ‘coun. sign sand sym 
< tries, ocular antigen challenge has 
been used clinically for years as a 


method for positively diagnosing the 
specific allergen responsible for a pa- 
tient’s allergic conjunctivitis and also 
for testing a patient’s sensitivity to 
antigen during immunotherapy.°*’ The 
reticence in the United States to use 
ocular challenge for diagnostic pur- 
poses and the inconclusive results ob- 
tained from conjunctival scrapings for 
eosinophils in mild ocular allergy’ ren- 
der the skin test a potential diagnostic 
tool when ocular allergy is suspected 
but not obvious. 


CONCLUSION 


Using this standardized method and 
precise grading system, ocular aller- 
gen challenge is safe and reproducible 
for the evaluation of new antiallergic 
ophthalmic agents. All of the primary 
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toms —itching, hypere- 
hemosis, and eyelid 


‘swelling—are - elicited by allergen 


challenge. A highly symmetric, dose- 
dependent reaction is elicited bilater- 
ally, the characteristics of which are 
independent of the type of allergen 
used. A refractory period may have 
been identified, and future work in this 
area may lead to a greater understand- 
ing of the kinetics of mast cell respon- 
siveness. Our latest allergen challenge 
study design now separates the chal- 
lenges by 7 days, instead of 3, in an ef- 
fort to minimize the potential effect of 
a refractory period. 
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_. # Primary. hyperoxaluria (primary oxalo- 
Sis) is a rare autosomal recessive inborn 
error of glyexyfate metabolism that 
oo gauses widespread calcium oxalate crys- 
<o. tal: depositiengn diverse tissues. Because 
others have reported only occasional ocu- 
lar involvement, we reviewed the ophthal- 
mologic fincines in our 24 patients with 
primary hyperoxaluria to document its fun- 
duscopic variability and to determine its 
vsuabprognosis and its possible systemic 
significance: Eight (30%) of our 24 pa- 
tients with primary hyperoxaluria exhib- 
ited a‘bilate:ady symmetrical retinopathy. 
The abnormalities were predominantly 
confined to the-posterior pole and ranged 
om. many smali (100- to 200-um) subret- 
inal black rirgiets to single large (2- to 3- 
disc diameter! geographic lesions. In 3 of 
` the 8 patients with oxalate retinopathy, 
-< diffuse optic disc pallor was evident. Five 
patients with both normal-appearing optic 
discs and oxaiste retinopathy had rela- 
tively good visual acuities. The maculopa- 
thy of primary byperoxaluria caused mild 
visual impairment while optic nerve dys- 
function associated with this disease ap- 
peared to be much more visually debilitat- 
ing. Also, the aresence of oxalate macul- 
. opathy was associated with a more severe 
systemic course for the disease. 
{Arch Ophthaimol. 1990; 108:89-93) 













rimary arperoxaluria (PH) is a 
rare autesamal recessive inborn er- 

_ ror of glyoxylate metabolism that of- 
ten causes rezal failure. Deposition of 
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calcium oxalate crystals occurs in 
many tissues, including the eye. Two 
types of PH have been described based 
on the deficient enzyme. Type 1 (PH 1) 
has deficient peroxisomal alanine:gly- 
oxylate aminotransferase.' This recent 
finding now places PH 1 in the group of 
peroxisomal disorders along with Ref- 
sum disease, Zellweger syndrome, and 
adrenoleukodystrophy. Type 2 (PH 2) 
has deficient D-glyceric dehydro- 
genase.’ Primary hyperoxaluria usu- 
ally becomes symptomatic during 
early childhood or early adulthood. 
Patients with infantile onset have a 
particularly poor prognosis. With the 
improving survival of these patients 
due to recent advances in renal trans- 
plant methods,’ the ophthalmologist 
will become more involved in the treat- 
ment of these patients. 

Only a few case reports of PH erys- 
talline retinopathy exist.*” To our 
knowledge, systematic ophthalmo- 
logic evaluation of a series of these pa- 
tients has not been reported. We re- 
viewed our experience with PH to doc- 
ument the clinical funduscopic 
variability, the visual prognosis, and 
the possible systemic implications of 
oxalate retinopathy. 


PATIENTS, MATERIALS, AND METHODS 


From 1974 through 1988, we performed 
ophthalmologic examinations on 24 pa- 
tients who had the diagnosis of PH already 
established by a pediatric nephrologist 
(J.S.). We recorded best corrected visual 
acuity (by Allen cards or Snellen chart), 
pupillary reactions, motility, slit-lamp ex- 
amination findings, and dilated indirect 
and direct ophthalmoscopic findings of all 
patients. One patient additionally had elec- 
troretinography performed. All fundus ab- 
normalities were photographed. 

The diagnosis of PH was established in 
all patients by demonstrating hyperox- 
aluria either before or after renal trans- 
plant. In 23 of the 24 patients who had had 
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a renal biopsy cr nephrectomy, dalte 
crystals were prominently evident on his- 
topathologic processing. In one asympto- 
matic patient, whose elder sibling had PH- 
end-stage renal failure, the condition was 
diagnosed by detection of elevated oxalate — 
levels in a 24-hour urme collection. i 
None of the 24 patients had a history- 
consistent with causes of secondary hyper- 
oxaluria, which incluce fat malabsorption: 
or pyridoxine deficiency and toxic side. 
effects of methoxrflurane, rhubarb, ascor- : 
bate, or ethylene glycol. Of the secondary’ 
causes of hyperoxalur'c renal failure, only 
methoxyflurane is knewn to cause a erys- 
talline retinopathy. 
Twenty-one of tne 24 patients underwent 
renal transplantation for end-stage renal 
failure secondary to oxalate nephrocalcino- < 
sis. Living relatives of the affected patients f 
donated the kidneys fer 16 of the patients. 
The other 5 patients received cadaveric- 
kidney transplants. Transplants were ulti- 
mately successful (serum creatinine con 
centration <130 wmol/L) in 10 of the 21 pa- 
tients who receivec a renal transplant. Four - 
patients received a second transplant after 
the first had failed anc 1 patient received a 
third. Our patients with PH had been re~ 
ceiving dialysis for a mean (+SE) duration 
of 2.0 + 0.3 years. Two of the 24 patients : 
maintained acceptable renal function such 
that they never required dialysis or trans- 
plantation. Of the 4 patients who. did not . 
receive a renal transplant, 1 maintained 
good renal functiom folowing a pyelolithot-— 
omy. Another had bilateral nephrectomies | 
and was maintained or a regimen of hemo- 
dialysis. A third patiert who was in a coma» 
died suddenly and the fourth was. sey aD 
tomatic with good renal function. j 
Twelve of the 24 patients initially pre- 
sented in renal failure. The remaining 12- 
presented with signs and symptoms of ~~ 
nephrolithiasis. The mean (+SE) age at 
initial presentation was 5.4 + 1.6 years. 
Ten patients were younger than 1 year of 
age (infantile onset) at the time of diagno- > 
sis while the remaining 14 patients ranged 
in age from 3 to 23 years. At the time of 
their eye examinations, the patients’ ages 
were 13.6 + 2.0 years and the duration of aoe 
PH was 8.4 + 2.7 wears. a 
Four of the 24 patients had a positive 
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amily his tory tor PH. Ong patient had two 
the sibling s (not part of this report) who 
“PH. Two of our patients with PH 
re iblings. Another patient had a pater- 
andmother with severe nephrolithia- 
) renal failure and in retrospect may 
oxalosis. 

se 24 patients required a variety of 
procedures in addition to the kid- 
iopsies and transplants (Table 1). 
ularly noteworthy were 4 patients 
nderwent parathyroidectomy with 
ogous transplants for hyperparathy- 
M. Also, a ventriculoperitoneal shunt 
laced in 1 of 2 patients in whom 
i ed cerebrospinal fluid pressure with 
apilledema had developed. A demand 
acemaker was implanted in another pa- 
ent who had cardiac arrhythmias due to 
‘alate deposition in the cardiac conduc- 
tion system. Many diverse medical prob- 
ems afflicted our patients (Table 2). Eleven 
of our patients had osteodystrophy develop 
hat resulted in several pathologie frac- 
tures from minor trauma. 

ning Spearman correlation coefficients 
, we examined patient characteristics for 
ossible correlation with the presence of 
oxalate retinopathy. We sought possible 
ssociations of oxalate retinopathy with 
gender, age of diagnosis, type of presenting 
symptoms, duration of disease, duration of 
dialysis, duration of renal transplant, os- 
teodystrophy, and death. 



























































RESULTS 


: “Eight of our 24 patients (Table 3) 
with PH displayed a spectrum of 
funduscopic abnormalities (Figs 1 
through 3). These were confined pri- 
marily to the posterior pole and were 
bilaterally symmetrical. In the mildest 
form (case 1), a few small (50- to 100- 
m) parafoveal subretinal black ring- 
lets were present. In the center of some 
of these ringlets, the retina appeared 
glistening bright yellow or white. The 
1ore advanced macular lesions con- 
tained confluent black ringlets (cases 2 
through 4, Fig 1). In the more extreme 
ases, a single large (1- to 2-dise di- 
meter), black, well-circumscribed, 
eographic, central macular abnor- 
1ality was evident (cases 5 through 8, 
gs. 2 and 3). White fibrous-appearing 
aterial covered the subretinal black 
egions but remained deep to the sen- 
sory retina. The background of this 
white material highlighted the xan- 
hophyll pigment in the apparently 
ealthy overlying neurosensory ret- 
na..Two patients (cases 7 and 8) had 
ny tiny (50-um) yellow iridescent 
ecks surrounding the central black 
eographic lesion (Fig 3). None had 
ubretinal blood, exudate, or elevation 
f the sensory retina, thus suggesting 
a choroidal neovascular membrane. 

o In four patients who had had multi- 
ple examinations over at least a 1-year 
- period, no progression of the oxalate 
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Problem No. of Patients 


Osteodystrophy 12 
Hydrocephalus 2 
Mental retardation 
Stroke 

Myocardial infarction 
Asthma 

Bacterial sepsis 
infections 
Cytomegalovirus 
Herpes zoster 
Syphilis 
Mononucleosis 
Viral encephalitis 
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ee ee aah 


Duration Presenting 
of of Symptoms 
Case Onset Diagnosis and Signs 


1 Renal 
failure 


Age 
OD, OS 





Visual Acuity: 


No. of 
Patients 


Procedure 


Single renal transplant 
Two renal transplants 


Three renal transplants 
Pyelolithotomy 

Nephrectomy 
Parathyroidectomy / transplant 
Splenectomy 
Ventriculoperitoneal shunt 
Demand pacemaker insertion 
Gastrostomy 

No surgery 


Optic 
Discs Osteo- 
OU Dead dystrophy 


Normal No Yes 


Maculopathy 


Parafoveal, kack, 
subretinal ringlets 


Mama emanan mna A hanaan ALARA Ara ALLAH NARI aannaaien rent Gtr i r A ndan a AON 


follow, fix 
and follow 


failure 


Confluent, black, Normal No Yes 


subretinal ringlets 


Confluent, black, 
subretinal ringlets 
(Fig 1) 

Confluent, black, 
subretinal ringlets 


anran merhig iaaa naaa ainaimmmaas A ma una a aa rUr Ler ASN rwrreere revere rarererrrrérrterretrfetndvannte -iriidrrterdtefrananranettrberinhh-tirechbetHtRM Stet thet te AAR WT HARE AAA HRY YAR VTA) BAY PALA : 


follow, fix 
and follow 
10/30, 
failure 10/30 
Renal - 
failure 


1/200, 
1/200 


20/20, 
20/20 


Nephro- 
lithiasis 


maculopathy was revealed. Three pa- 
tients, noted initially to have normal 
findings from ocular examinations, 
were again found to have normal eyes 
1 year later. 

Three of these eight patients (cases 
4,5, and 7) with maculopathy also had 
bilateral optic disc pallor. Two of these 
three patients (cases 4 and 5) had 
increased intracranial pressures 
(opening pressure, 48 and 42 cm H,O) 
and enlarged ventricles as demon- 
strated by computed tomography. 
Both had papilledema before the onset 
of disc pallor. One was treated with a 
ventriculoperitoneal shunt and the 
other was treated with serial lumbar 
punctures. The third patient (case 7) 
had striking optic disc pallor but nor- 
mal lumbar puncture opening pres- 
sures and normal computed tomo- 
graphie scans of the head. This third 





Black geographic 
subretinal lesion 


Biack geographic Normal 
subretinal 
lesion (Fig 2) 

Black geographic 
subretinal 
lesion + flecks 

Black geographic 
subretinal 
lesion + flecks 
(Fig 3) 


Nermal 


patient (case 7) also exhibited marked 
attenuation of the retinal vessels and 
roving nystagmus. 

The visual acuity of the five patients 
(cases 1, 2, 3, 6, and 8) who had both 
oxalate retinopathy and normal-ap- 
pearing optic dises was generally good 
for their ages (fix and follow in both 
eyes, 10/30 OU, 20/80 OU, 20/20 OU, 
and 20/20 OU, respectively). This was 
in contrast to the three patients (cases 
4, 5, and 7) who additionally had pale 
optic discs (20/100 OU, fix and follow in 
both eyes, and 1/200 OU, respectively). 
The accuracy in measuring vision in 
these patients was limited by their age 
and by other medical and surgical 
stresses occurring at the time of their 
ophthalmic examinations. 

Of the eight patients with oxalate 
retinopathy, seven (cases 1 through 7) 
presented at between 2 and 8 months of 
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Fig 1.—Case 3.Fundus photograph from a 2'%-year-old girl with a vi- 
sual acuity of 207 30 (Allen cards) showing confluent, black, subretinal, 


parafoveal ringlets. 


Fig 2.—Case 6. Fundus photograph from a year-old girl with a visual 
acuity of 10/30 (Allen cards) showing a pitch-black, central geographic 


macular lesion with fine white fibrous-appearing material between the 
retinal pigment epithelium and neurosensory retina. 





Fig 3.—Case 8. Fundus photograph from a 31-year-old woman with a 
visual acuity of 20/20 (Snellen chart) showing a black, central 
geographic macular lesion surrounded by iridescent flecks. 


age, with failure to thrive secondary to 
end-stage renal failure. One patient 
(case 8) with oxalate retinopathy pre- 
sented with nephrolithiasis at 10 years 
of age. When examined by us when she 
was 28 years old, this patient had 
severe manifestations of the disease 
with oxalate deposition in her skin as 
well as the usual deposition in her 
bones and kidneys. All eight of these 
patients received living related renal 
transplants after a mean of 2.2 years of 
hemodialysis. Because of recurrent ox- 
alate deposition in the renal graft or 
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because of graft rejection, three (cases 
1, 2, and 4) of these patients had two 
renal transplants and one (case 8) had 
three transplants. In six of the eight 
patients (cases 1, 2, 3, 6, 7, and 8), os- 
teodystrophy developed, and five 
(cases 1, 2, 3, 7, and 8) of the eight are 
still living. The presence of oxalate 
retinopathy positively correlated with 
infantile onset of the disease (p = .73), 
osteodystrophy (p = .42), death 
(p = .37), and presentation signs and 
symptoms of renal failure (p = .58) 
(p = 0 to .25, little or no correlation; 


p = .25 to .50, fair correlation; p = .50 
to .75, good correlation). 


COMMENT 


The current stady documents oph- 
thalmologic findings with PH. The fun- 
dus findings were characteristic al- 
though variable. This represented de- 
grees of severity əf oxalate deposition 
in the eye as well as degrees of reaction 
of the retinal pigment epithelium to 
the crystals. The mildest forms of ox- 
alate retinopathy censisted of small 
black subretinal ringlets confined to 
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then postetior pole. This resembled the 
cases re orted _by Traboulsi and 































he o aiden oxalate 
stals.* Further crystal deposition 
So associated with confluent pig- 
nented rings eventually leading to 
arge black geographic lesions in the 
entral macula. Gottlieb and Ritter’ 
nd Speiser and associates" reported 
-cases comparable to these. Overlying 
the central geographic, black, macular 
lesions but still deep to the neurosen- 
sory retina, we observed extensive fine 
white tissue in two patients. This fi- 
brous-appearing tissue acted as a 
ackdrop to highlight the xanthophyll 
igment in the maculae. In two eyes, 
ye also observed white to yellow erys- 
als in the retina surrounding the cen- 
ral geographic macular lesion. No vis- 
ble pigment epithelial reaction sur- 
rounded these crystals. Findings from 
_one of the patients described by Mere- 
-dith and associates® appeared similar 
to these. 
- Some have suggested that choroidal 
neovascular membranes created the 
dense black central geographic macu- 
lar lesions.*" One of the two patients of 
Meredith and associates* was studied 
histopathologically. However, they did 
‘not mention any clinical or histopatho- 
logic evidence of choroidal neovascu- 
larization. They noted a large, black, 
central geographic macular abnormal- 
ity in their second patient. Fluorescein 
angiography showed hyperfluorescent 
ie staining” of the white fibrous-ap- 
pearing material, but there was no ev- 
idence of leakage from a choroidal ne- 
vascular membrane. In our patients, 
we found no evidence of choroidal ne- 
ovascularizations such as subretinal 
‘blood, exudate, or serous elevation of 
the retina. Additionally, if subretinal 
neovascular membranes caused the 
black, central geographic lesion, the 
visual acuity should have been consid- 
“ably worse as is often the case in 
age-related macular degeneration. We 
found no evidence to suggest that these 
patients are at particular risk for 
ie development of such membranes. 
‘Primary hyperoxaluria was associ- 
ated with bilateral optic disc pallor in 
three patients in our series. Two of our 
patients had apparent optic nerve in- 
y secondary to elevated cerebrospi- 
nal fluid pressure. In these two pa- 
tients bilateral disc edema developed 
tha t resolved to dise pallor after serial 
mbar punctures or ventriculoperito- 
i shunting. We are not aware of 
previous. reports of this association 
with PH. Perhaps oxalate crystals in 
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the cerebrospinal fluid impeded the ef- 


fluence of cerebrospinal fluid from the 
central nervous system. Supporting 
this concept are the findings of Sco- 
wens and associates® who demon- 
strated elevated calcium oxalate levels 
in the cerebrospinal fluid of one pa- 
tient. We previously reported the case 
of the third patient in the present se- 
ries (case 7) with optic atrophy.‘ This 
patient had normal lumbar puncture 
opening pressures and normal com- 
puted tomographic findings of the 
brain. Because of the marked retinal 
vessel attenuation, we believed that 
oxalate deposition in the inner retinal 
layers may have caused axonal loss.* 
Axonal loss also could occur secondary 
to vascular damage from the toxic side 
effects of oxalate on endothelial cells.” 
A primary oxalate optic neuropathy 
was suggested by Timm! who demon- 
strated oxalate crystals in the optic 
nerves of an autopsy case. These cases 
of optic nerve dysfunction in PH may 
represent uremic optic neuropathy. 

The visual consequences of PH have 
received little attention in the past. 
This may be partially due to the infan- 
tile onset and other accompanying ill- 
nesses that made accurate visual acu- 
ity measurements difficult. Also, until 
recently, this disease was considered 
uniformly fatal. Many of the patients 
in the earlier reports did not survive to 
an age sufficient to obtain a meaning- 
ful vision measurement. Several pre- 
vious case reports did not mention any 
measurement of visual acuity. 610214 
Five of our eight patients who had oxa- 
late retinopathy and normal-appear- 
ing optic discs maintained relatively 
good vision in both eyes for their age 
(fix and follow in both eyes, 10/30 OU, 
20/30 OU, 20/20 OU, and 20/20 OU). 
The ages of these patients at their lat- 
est eye examinations were 1, 3, 2,5, and 
31 years. Despite the severe appear- 
ance of the maculopathy, only mild im- 
pairment of the vision occurred. Were 
a patient with age-related macular de- 
generation to have such extensive 
changes in his or her maculae, a visual 
acuity of 5/200 might be anticipated. 
Although oxalate retinopathy alone 
caused mild visual impairment in our 
patients, others'*"* have reported reti- 
nal and iris neovascularizations and 
blindness in patients with PH. 

Only our patients with optic disc 
pallor experienced a markedly de- 
creased visual acuity. These three pa- 
tients had visual acuities of fix and 
follow in both eyes, 20/100 OU, and 
1/200 OU at ages 2, 4, and 2, respec- 
tively. In one of these three patients, 
roving nystagmus developed that was 
associated with psychomotor retarda- 






tion. Gottlieb ana Ritter’ also reported 
a “pendular nystagmus” in their 9- 
month-old patient with PH. However, 
they did not record optic dise pallor. 
Also, the black-and-white fundus pho- 
tographs of their patient did not reveal 
dise pallor or retinal blood vessel at- 
tenuation. 

Four of our eight patients with mac- 
ulopathy had serial ocular examina- 
tions spanning more than 1 year. 
Although none of our patients’ reti- 
nopathies worsened or improved, 
others**™ have documented progres- 
sive macular deterioration. Because 
calcium oxalate is not effectively re- 
moved by hemodialysis or peritoneal 
dialysis,” further crystal deposition 
would be expected. However, in the 
presence of a well-functioning renal 
allograft, some researchers have dem- 
onstrated decreased oxalate deposits 
in the bones of such patients.’ There- 
fore, regression of the retinopathy 
might also occur in patients with a 
properly functioning renal transplant. 
Only four of our eight patients with 
oxalate maculopathy maintained well- 
functioning renal allografts when last 
examined. Further surveillance of 
these patients is required to determine 
if the oxalate retinopathy might be re- 
versible. 

To our knowledge, this is the first 
report of a large series of ophthalmo- 
logic evaluations of patients with PH. 
The previous scattered case reports did 
not allow an assessment of the sys- 
temic correlations of oxalate retinopa- 
thy. We found several correlations of 
the retinopathy with other systemic 
manifestations of the disease. In gen- 
eral, oxalate retinopathy was associ- 
ated with a severe systemic course of 
the disease. All of our eight patients 
with maculopathy and all of those 
whose cases were previously re- 
ported** had end-stage renal failure 
from PH. Two patients in our series 
who had adequate renal function (had 
not received a renal transplant or di- 
alysis) also had normal fundus find- 
ings. 

Seven of our 8 patients with retin- 
opathy had infantile onset of the dis- 
ease. Infantile onset of PH strongly 
correlated (p = .7) with the presence of 
the retinopathy. Many of the previ- 
ously reported cases were also infan- 
tile onset.*”!'24 Ten of our 16 patients 
without retinopathy had childhood 
(not infantile) or early-adult-onset 
disease and presented with nephroli- 
thiasis. The one patient (case 8) in our 
series who had retinopathy with non- 
infantile-onset PH had a particularly 
severe form. She had massive oxalate 


deposition in the eyes (Fig 3), bones, 
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sociates.© We also found a good 
on (p= .58) of retinopathy 
ie presenting signs and symp- 
renal failure. Seven of our 8 
wita retinopathy presented in 
nner. This is probably because 
le-onset PH usually presents 
enal failure while later-onset 
mally presents with nephrolithi- 


he preseace of an oxalate retinop- 
athy also had a fair correlation with 
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the presence 


of osteodystrophy 


(p = .42). Six of the eight patients with 
retinopathy had an osteodystrophy 
causing many pathologic fractures. 
Oxalate crystals deposit in the bony 


metaphyseal plates causing a “bone 
within bone” appearance on plane 
roentgenograms.” The correlation of 
retinopathy with osteodystrophy was 
expected since both represented extra- 
renal oxalate deposition. It remains 
unclear to what extent the osteodys- 
trophy is caused by the oxalate erys- 
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John D. Roarty, MD, John L. Keltner, MD 


‘@ The incidence of anisocoria in the 
born period is not well described. Ad- 
tionally, the normal range of infant pupil 
ze is not well defined. Eighty-eight 
ealthy newborns were evaluated. Pupil 
ize and color were obtained from photo- 
; phs: The mean (+SD) pupil size was 
3.8 + 0.8 mm. There was no statistical 
difference between right and left eyes. A 
tistically significant difference in pupil 
size was found between blue and brown 
yes. The incidence of anisocoria was 
ound to be 21%. No difference was 
reater than 1.0 mm. The incidence of an- 
socoria was no different on the basis of 
eye color. 

- {Arch Ophthaimol. 1990; 108:94-95) 


“he standards for normal newborn 
" pupillary size are not well de- 
cribed.'* It is generally assumed that 
he neonatal pupil is miotic and that 
he light response is less vigorous than 
n the adult.“ Results of pharmaco- 
ogic testing have demonstrated an 
mmature sympathetic regulatory 
xechanism.*’ The purpose of this 
tudy was to measure the pupil size 
nd the incidence of anisocoria in 
ealthy newborns. 

The incidence of anisocoria is not 
ell described in the neonatal period. 
.nisocoria is described as a pupillary 
ifference of 0.4 mm or greater be- 
ween the eyes.'* The incidence of an- 
ria in. healthy subjects ranges 
mt 1% to 90% in the literature.*’ In 
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425 patients younger than 14 years, 
Loewenfeld* found an incidence of an- 
isocoria of 21%. Isenberg et al, in 
term and preterm infants, noted an 
incidence of anisocoria of 9%. 

For studies of pupil dynamics, infra- 
red reeording methods are frequently 
used.” They have been used success- 
fully in older infants. Pupillary dy- 
namics have been found inconsistent 
in infants of 31 weeks’ gestation or 
less.'°? However, for static measure- 
ment of pupillary size, light photogra- 
phy is adequate.” The latency period 
for a pupillary response te a bright 
light is 0.3 seconds." The shutter speed 
of the camera is 0.004 seconds (1/250). 


SUBJECTS AND METHODS 


Newborns aged 4 hours to 72 hours were 
photographed for this study. Subjects were 
from the normal newborn nursery at the 
University of California, Davis, Medical 
Center. Each infant was the product of an 
uncomplicated delivery. The results of com- 
plete physical examinations on each infant 
by a pediatrician were normal, The oph- 
thalmic portion included an external exam- 
ination, testing of pupil reactivity, and 
visualization of the red reflex. All infants 
weighed at least 2500 g and were at least 35 
weeks’ gestation by Dubowitz assessment.” 
Verbal consent was obtained for each pa- 
tient. 

Pupillary diameter was measured from 
photographs. These were taken between 10 
PM and 12 PM by one person (J.D.R.). This 
time was chosen since the infants are gath- 
ered and awakened by the nursing staff to 
check vital signs. The room was kept at a 
constant luminance of 2.8 log candella/m. A 
Nikon FM2 35-mm camera with automatic 
flash, a 50-mm lens, a Vivitar close-up lens 
set (Nos. 1, 2, and 4), and 35-mm ASA 100 
Kodacolor film were used for taking the pu- 
pillary pictures. The F-stop was 1:8, with a 
shutter speed of 1/250 seconds. The lens 


system used provided a magnification of 1 to. 


2. This ratio was checked for consistency by 
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inclusion of a metric rule in 12 of 83 photo- 
graphs. The depth of field was + 1.0 cm. The 
infant was photographed in the crib or held 
by a nurse in the supine position. The 
amount of stimulation from checking vital 
signs was consistent. The level of arousal 
after this stimulation did vary. The camera 
was brought into focus for the photograph. 
An eye was included for measurement if 
it was in focus and did not deviate from 
the midline greater than approximately 
45°. 
RESULTS 


Eighty-eight infants were photo- 
graphed, 62 of whom had both eyes 
measured. Only one eye was suitable in 
21 infants. One hundred forty-five eyes 
were measured, and these measure- 
ments are presented in Table 1. Pupil 
diameters ranged between 1.5 and 6.0 
mm. The difference in size between 
right and left eyes is not statistically 
significant (Student’s t test). Of the 62 
sets of eyes available, 13 (21%) had a 
pupillary difference of 0.5 mm or 
greater. No difference was greater 
than 1.0 mm. 

In 88 infants, the iris color was 
available on photographs. Thirty-nine 
percent of the patients had blue eyes; 
the remainder were brown. The mea- 
surements by color are presented in 
Table 2. There was a statistically sig- 
nificant difference in pupil size be- 
tween blue and brown eyes (P < .05). 
These data were analyzed by Student’s 
t test. No statistically significant dif- 
ference in anisocoria was noted be- 
tween blue and brown eyes. 


COMMENT 


Laor et alf compared infant pupil di- 
ameter with normal adult pupil diam- 


eter and found a statistically signifi- 


cant tendency t toward miosis in the in- 


fants. A mean (+SD) pupil diameter 
of 8. 7 + 0.5mm was noted in 12 infants 
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a. a Mean + SD 
Ne. of Eyes Pupil Size, mm* 
145 3.81 + 0.87 
70 3.82 + 0.89 

75 3.85 + 0.86 

















“Pipi dimetars ranged between 1.5 and 6.0 mm. 





ce 33 to 6 months. Our mean pupil di- 
meter of 38 + 0.8 mm is consistent 
with the results of Laor et al.° How- 
ever, our population was much 
= younger. Hensen and Fulton’ noted a 
< mean pupil diameter of 5.2 + 0.5 mm 
< in. 10 infant=10 weeks of age. They used 
an infr rarec video camera to measure 
e pupil during dark-adapted condi- 
ons, with the other pupil having been 
eviously cilated. The larger, mean 
ary diameter was probably due 
dark-adapted state. 
- Selhorst'* noted a range of pupillary 
-diameter fram 4.5 to 7.0 mm in normal 
. o dark-adapted adults. Though no direct 
: 0- comparison with an adult population 
<- was made, our range of 1.5 to 6.0 mm 
< implies a mistic tendency in dim light. 
Isenberg et al also published a simi- 
lar range of pupillary diameters in in- 
fants. The significant difference in the 
-~ papil size on the basis of iris color is 
‘e, interesting. Differences in reaction to 
mbient ligt on the basis of iris color 
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Pupil No. 


Mean + SD 
Color of Eyes Pupil Size, mm 
Blue 59 4.07 + 0.92 
Brown 86 3.64 + 0.74 





are possible, but reports are con- 
flicting. ™? 

Anisocoria of 0.5 mm or greater was 
seen in 21% of the infants. Only 1 (3%) 
of 62 infants had a pupillary difference 
of 1.0 mm. The percentage of anisoco- 
ria found in our study is comparable 
with that seen in the children in Loe- 
wenfeld’s study.’ In that study, 
“simple central” anisocoria was 
present in 21% of the patients younger 
than 14 years. It was characterized by 
normal vision, normal neurologic ex- 
amination results, and normal phar- 
macologic response to cocaine. The 
amount of anisocoria varies with time 
and it may alternate from eye to eye. 
The maximum anisocoria measured 
1.2 mm in these patients. A pharmaco- 
logic challenge to cocaine was not per- 
formed in our patients with anisocoria. 
Korezyn et al? found cocaine to be a 
less reliable agent in infants. 

A possible cause of anisocoria in the 
neonatal period is congenital Horner’s 
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-syndrome.'™ Less taan 5% of eases of 





Horner’s syndrome are congenital = 
Traumatic brachial penis palsy sec- 


ine danpulaoa ig a asually raed 
with Horner’s syndrome in the new- 
born period.” Othe- reported causes |. 
include ganglionmeuroma, neuroblasto- = 


ma, and cytomegalcvirus infections.” > 
Finally, cases of Horner’s syndrome 
have rarely been reported with no _ 
known predisposing prenatal or post- -` 
However, each of — 
these cases hac other stigmata of = 
Horner’s syndrome along with the an- 


natal ecauses.”* 


isocoria. 

The incidence anisocoria in 
healthy subjects vars. It is important > 
to recognize that rormally reactive =- 
pupils without evidence of oculomotor < 
dysfunction or lid ebnormalities are ` 
probably normal. In our study of > 


healthy infants, anisocoria was found = 


to be present early in life and appeared E 


to have little clinical significance. It 


has also been reported that anisocoria a 
can alternate from one eye to the > 


other. Thus, any interpretation of an- < 


isocoria of 1.0mm or sess without other be 
neuro-ophthalmic signs should be con- _ 
sidered of limited significance. 
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: y We examined an orbital exenteration 
specimen from an anophthaimic patient 
vith focal dermal hypoplasia. Eyelid an- 
iofibromas were evident and immuno- 
eroxidase studies for human papilloma 
vere ‘negative. Orbital tissue con- 
ductal cyst, chronic inflammation 
ie lacrimal duct and sac, rudimentary 
onjunctival fornices, lacrimal gland, stri- 
“ated muscle, and adipose tissue. Micro- 
„scopic examination revealed a posteriorly 
ocated cystic structure with uveal and 
fens remnants. Neuroectodermal struc- 
tures consistent with retina, optic nerve, 
‘or meninges were not observed, thus rep- 
‘resenting true anophthaimia. These find- 
ings remain as the only histopathologic 
description of ocular tissues in patients 
with focal dermal hypoplasia. 
- (Arch Ophthalmol. 1990;108:96-100) 





-}y'ocal dermal hypoplasia syndrome 
(Goltz syndrome, congenital cutis 
hypoplasia) is a rare disease charac- 
rized by multiple congenital defects 
ing tissues of both mesodermal 
3 dermal origin. A genetic pat- 
ter for the disease appears to be an 
inked dominant type with usual le- 
lity in male subjects.’ 

e primary feature of this disorder 
in underdeveloped dermal connec- 
tive tissue with localized herniations 
of subcutaneous fat into the epidermis 
(dermal hypoplasia). In addition to the 
consistently observed universal cuta- 
neous manifestations, various congen- 
ital d defects of the eyes, skeleton, teeth, 
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Ocular manifestations of focal der- 
mal hypoplasia are many and occur in 
more than 40% of the cases reported. 
Clinical reports of ophthalmic find- 
ings are mostly limited to the derma- 
tologic literature, and histopathologic 
descriptions of ocular abnormalities 
have not been reported (to eur knowl- 
edge). Only four reports of this syn- 
drome are described in the ophthalmic 
literature.** The case of one of these 
patients was reported by us in 1977 
(case 1)’ and was also reported in the 
dermatologic literature.’ The abnor- 
malities in this patient included con- 
genital anomalies of the skin, mouth, 
feet, hands, fingernails, and senso- 
rineural hearing system. In addition, 
the patient appeared clinically anoph- 
thalmic with papillomatous lesions 
arising from the eyelid margins. 

In 1977, histopathologic examina- 
tion following biopsy of the lid lesions 
revealed a “soft” fibroma with hyper- 
keratosis, dyskeratosis, and acantho- 
sis with prominent rete pegs overlying 
a vascularized connective tissue.’ Elec- 
tron microscopic examination of the 
eyelid lesions showed an abundance of 
tonofibrils, a projection of microvilli, 
and keratinized epidermis with in- 
flammatory cells? We have observed 
this patient since 1977, and we report 
the first histopathologic description of 
ocular and orbital abnormalities in 
Goltz syndrome. In addition, we review 
the ophthalmic manifestations of this 
disease, 


REPORT OF A CASE 


Since the previous report in 1977, the 
patient has been followed up in the Eye 


Plastics and Orbit Service at the Massa- | 
chusetts Eye and Ear Infirmary, Boston. specimen wa 


The clinical course was characterized by 
intermitt ent bouts of conjunctival inflam- 


mation in the left eye with an increase in” 


the chronic mucoid discharge. 


The patient returned in November 1988, 


ophthalmi a in the Focal Dermal Hypoplasia Syndrome 


at the age of 25 years. At that time her 
mother reported that the patient continued 
to suffer from intermittent left socket dis- 
charge of mucus mixed with blood. The 
mucoid discharge and bleeding was re- 
ported to increase during periods when the 
conjunctiva was mechanically abraded. 
Physical examination revealed a grossly 
deformed left socket filled with papilloma- 
tous excrescences that protruded from the 
palpebral fissure (Fig 1). Individual papil- 
lomas were observed to be mechanically 
traumatized and to bleed freely when 
touched with forceps. The socket was 


grossly deformed and a prosthesis or con- ~ 


former could not be maintained behind the 
eyelids. No ocular structures were observed 
deep in the socket. The lacrimal sac was not 
distended. Puncta were present in the upper 
and lower eyelids. 

A contact B-scan left orbital sonogram 
was obtained through the closed eyelids 


that revealed a small, round, anechoic ae 
structure encased within highly reflective. > 


tissue deep in the orbit (Fig 2). No true. 
globe could be identified. Since previous at: 
tempts at surgically reconstructing t 
socket for the fitting of a prosthesis has 
failed, and since the socket was unsighth 
and chronically infected, exenteration wa 
performed. | 

The surgical specimen consisted of the 
upper and lower eyelids from the left orbit, ~ 
the entire left conjunctival sac, and deep 
left orbital tissue anterior to the periorbi- 
ta. Dense fibrous tissue was encountered 
deep in the orbit, but a true bulbous struc- 
ture was never identified. As the fibrous 
mass was transected, pigmented tissue was 
noted encased within the soft tissue at the 
apical margin. Pigmented tissue proximal 
to the surgical margin in the apex of the 
orbit was excised and submitted separately 
for histopathologic examination. Adnexal 
structures were not identified grossly. The 
lacrimal sae was dissected from the lacri- 
mal sac fossa and transected. A biopsy 
ained from the nasolacri- 

il due d the distal segment was im- 
bricated and closed. Musculocutaneous ad- 






vancement: flaps from the cheek and brow 





sed to. close. the surgical defect. The 


i exenteration specimen was submitted in 
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Fig 1.—Clinic@i appearance of grossly de- 
formec left socket with papillomatous excres- 
cences protruding from the palpebral fissure 
(arrows). Note witiligo (v). 


3% formaldenvde solution for histopatho- 
logic examination. 


PATHOLOGIC FINDINGS 


Gross examination of the left orbit 
exenteration specimen revealed darkly 
pigmented upper and lower eyelids 
with attenuaied eyelashes and multi- 
ple waite, papillomatous lesions. Pos- 
terior y, a pigmented area was noted 
within the orbital tissue. The specimen 
measured 30 mm horizontally, 18 mm 
vertically, and 27 mm anteroposteri- 
orly. 

A cystic structure that measured 4 
mm vertically and 10 mm anteropos- 
terlor’y was en posterior to the pap- 
illomatous mesion. This structure was 
invested with a white scleral outer 
layer and a deeply pigmented inner 
uveal layer. On gross examination, a 
posterior, coidbomatous defect was ob- 
servec and accounted for a pigmented 
appearance te the posterior aspect of 
the orbital specimen. Optic nerve or 
anterior segment structures were not 
observed by gBoss examination. A solid 
Opaque mass was noted within the 
posterior pigmented layer (Fig 3). 

Microscopic examination of the left 
orbit revealed posteriorly located ocu- 
lar remnants (Fig 4) lined by a con- 
nective tissue; consistent with sclera. 
Anteriorly, this tissue appeared cor- 
nealike. Pigmented, vascularized tis- 
sue, consistent with rudimentary uvea, 
was neted just within the connective 
tissue ining {Figs 4 and 5). Within the 
cavity, a smal. cyst with mucinous de- 
bris was noted. The cyst was attached 
to a cond of eosinophilic material, lined 
on bota sides »y pigmented cells. Pos- 
terior to this material, an area of cal- 
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Fig 2.— Left orbital contact B-scan sonogram revealing a small, round, enecaoic structure (arrows) 
encased within highly reflective tissue deep in the orbit. Note highly reflective structure posteri- 


orly, consistent with calcified lens remnant (c). 





Fig 3.— Sagittal section of orbital exenteration specimen, revealing papillom: tous eyelids (p), dis- 
organized orbital tissue (0), rudimentary conjunctival fornices (f), and ocularremnants (lens rem- 
nant [small arrows] and posterior coloboma [large arrows]) (original magnilication X7.6). 


cification surrounded by a periodic ac- 
id-Schiff-positive membrane was 
noted. This area was consistent with a 
lens remnant and also corresponded to 
the gross finding of the opaque, in- 
traocular mass (Fig 6). Neuroectoder- 
mal structures consistent with retina, 
optic nerve, or meninges were not seen, 


thus representing trae anophthalmia. 

Orbital tissue contained a ductal 
cyst, rudimentary eonjunctival for- 
nices, lacrimal giane tissue, fat, and 
striated muscle. A bmpsy specimen of 
the nasolacrimal due and sac revealed 
a fragment of loose connective tissue 
and pseudostratified :olumnar epithe- 
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Fig 4.—Microscopic appearance of ocular remnants demonstrating outer connective-tissue coat 
consistent with sclera (S) and cornea (C), rudimentary uveal tissue (arrow), and area of calcifi- 
cation surrounded by a periodic acid-Schiff-positive membrane, consistent with lens remnant (L) 


(hematoxylin-eosin, original magnification X 15). 


lium with a marked infiltration of 
plasma cells and lymphocytes. Blood 
vessels and accessory lacrimal gland 
tissue were seen. 

Microscopic examination of the left 
lower eyelid revealed a fragment of 
connective tissue lined by a kerati- 
nized squamous epithelium showing 
hyperkeratosis, acanthosis, papillo- 
matosis, and parakeratosis. The epi- 
thelium was arranged as frondlike 
projections surrounding fibrovascular 
cores, consistent with a designation of 
angiofibromata (Fig 7). Immunoperox- 
idase studies (Pathology Services, 
Cambridge, Mass) for evidence of hu- 
man papilloma virus yielded negative 
results. 


COMMENT 


In 1962, Goltz et alë described a new 
syndrome, known as focal dermal hy- 
poplasia, which was characterized by 
widespread dysplasia of mesodermal 
and ectodermal structures. Goltz et al? 
later reviewed 41 cases and found a 
multiplicity of mesodermally and ec- 
todermally derived abnormalities. Al- 
though ocular manifestations occur in 
more than 40% of cases reported,’ his- 
topathologic reports have been limited 
to skin lesions. To our knowledge, this 
report is, therefore, the first histo- 
pathologic description of ocular and 
orbital abnormalities in focal dermal 
hypoplasia. 

The cutaneous manifestations of fo- 
cal dermal hypoplasia are universal 
and account for the predominance of 
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Fig 5.—Pigmented uveal tissue (hematoxylin- 
eosin, original magnification X60). 





Fig 6.—High-power view of calcification (C) and periodic acid-Schiff- positive membrane (arrow), 
consistent with lens capsule and rudimentary lens (hematoxylin-eosin, original magnification 
X374). 


reports in the dermatologic literature. 
The differential diagnosis of this dis- 
order has also been limited to derma- 
tologic entities, such as congenital 
poikiloderma, nevus lipomatosus, and 
epidermal nevus syndrome.’ While the 
skin manifestations of these entities 
are similar, knowledge of the ocular 
findings may help differentiate them. 

The epidermal nevus syndrome is 
characterized by tumors of epidermal 


keratinocytes with associated skeletal 
and central nervous system anomalies. 
Genetic transmission seems to be au- 
tosomal dominant.’ Ocular defects in 
this syndrome occur less often than in 
focal dermal hypoplasia and are gen- 
erally limited to extension of nevi. 
Congenital poikiloderma is an auto- 
somal recessive disorder with a female 
predominance, characterized by 
poikiloderma, alopecia, photosensitiv- 
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Fig 7.—Papilloma of eyelid with vascularized core and subepithelial chronic inflammation, consis- 
tent with angiefibroma (hnematoxylin-eosin, original magnification X38). 


ity, and hypegonadism. Ocular find- 
ings consist-only of cataracts and cor- 
neal changes that often differentiate 
this disease from focal dermal 
hypoplasia." There are no reported oc- 
ular abnormalities in nevus lipomato- 
sus, although the cutaneous findings 
are similar te those of focal dermal 
hypoplasia.” 

Our patient's cutaneous abnormali- 
ties were as follows: (1) depigmenta- 
tion of the skin; (2) herniated fat on the 
left leg; (3) dystrophic fingernails; and 
(4) papillomas of the perioral and con- 
junctival regions. 

Skeletal decects are the most com- 
mon extradermatologic manifestation 
of this syndrome.’ A “lobster claw” 
deformity of the right foot, syndactyly 
of the fourth and fifth toes, and flexion 
contracture of the proximal interpha- 
langeal joint of the third digit were 
noted in our patient. This patient also 
demonstrated a hemiatrophy of the 
tongue and a hearing loss. 

Ophthalmic manifestations in focal 
derma! hypoplasia are common and 
are summarized in the Table.**!°*° Qc- 
ular colobomés, strabismus, and mi- 
crophthalmia seem to be the most fre- 
quent ocular manifestations of this 
syndrome. The frequent occurrence of 
uveal coloboma has suggested an onset 
between the feurth and fifth weeks of 
gestation.’ Laerimal duct obstruction 
with chronie inflammation, an oph- 
thalmie feature found in these pa- 
tients, is also demonstrated in this pa- 
tient. Conjunctival papillomas were 
abundant in our patient and histo- 
pathologic examination revealed an- 
giofibremas (cescribed as soft fibro- 


Arch Opnthalmel— Vol 108, January 1990 


mas in 1977). These papillomas did not 
demonstrate infection with human 
papilloma virus, nor did esophageal 
papillomas in one other report investi- 
gating human papilloma viral infec- 
tion in Goltz syndrome.” 

Although this patient was clinically 
anophthalmic, a diagnosis of anoph- 
thalmos must be made after careful 
histologic sectioning. Ultrasound ex- 
amination revealed a cystic structure 
that histologically consisted of ocular 
remnants derived from neural crest 
melanocytes and mesodermal tissue. 
Neuroectodermal derivatives were not 
observed; these findings, therefore, 
represent true anophthalmia.” 

Anophthalmia may be subdivided 
into the following categories: (1) pri- 
mary anophthalmia results from a 
failure in the development of the optic 
pit; (2) secondary anophthalmia re- 
sults from a generalized abnormality 
in forebrain development and is char- 
acterized by major cerebral defects; 
and (3) consecutive or degenerative 
anophthalmia is due to regression or 
involution of the optic vesicle after it 
has formed.” The presence of a lenslike 
structure in our patient is consistent 
with consecutive anophthalmia given 
that the lens is dependent on the optic 
vesicle for its development.** 

Of 28 clinical descriptions of various 
ophthalmic manifestations of focal 
dermal hypoplasia, 5 and 8 include 
anophthalmia’****° and microphthal- 
mos,™46:11.17.222630 respectively. Micro- 
phthalmic and anophthalmic syn- 
dromes, similar to focal dermal hy- 
poplasia, have been described in the 
ophthalmic literature. 





Ocular Manifestations of Focal 
Dermal Hypoplasia 










Coloboma?2*:®: !5. 17 20-25,26,30 
Strabismus ®. '1.134,15,17,30 
Microphthalmos*** 11,17.22,26,30 
Lacrimal duct obstruction?? 19.24.25.27 
Nystagmus* 83.17.29.30 
Anophthalmia? £28- 

Opaque cornea?®7 

Astigmatism“ ° 

Irregular pupits'8-20 

Hypopigmented retina®® 
Heterochromia"® 

Eyelid papillomas’ 

Optic atrophy* 

Ptosis*® 

Aniridia"' 

Subluxated lens"' 

Opaque vitrequs"' 

Ectropion"' 
Hypertelorism ' 




















Francois* described a syndrome of 
microphthalmia, dyscephaly, dental 
anomalies, short stature, hypctricho- 
sis, cutaneous atrophy, and congenital 
cataracts. Gillespie* described dyspla- 
sia oculodentodigitalis as a syndrome 
with bilateral microphthalmos, hypo- 
trichosis, dental anomalies, and bony 
abnormalities.” Inheritance patterns 
for these entities are unknown. The 
cutaneous findings of focal dermal hy- 
poplasia will usually distinguish it 
from these syndromes. 

X-linked inheritance of microph- 
thalmos is rare. Goldberg and 
McKusick” have identified an X-linked 
colobomatous microphthalmos (Lenz’s 
dysmorphogenic syndrome) with asso- 
ciated anomalies that included micro- 
cephaly, mental retardation, short 
stature, dental diastema, anteverted 
simple pinnae, blepharoptosis, nystag- 
mus, esotropia, vertebral and dental 
anomalies, congenital heart disease, 
and digital defects. Norrie’s disease, 
which is a second entity with X-linked 
inheritance of microphthalmos, is as- 
sociated with retinal dysplasia, iris 
atrophy, cataract, band keratopathy, 
deafness, and mental retardation.’ 

Incontinentia pigmenti (Bloch- 
Sulzberger syndrome) is also an ecto- 
mesodermal disorder of X-linked in- 
heritance (lethal in the majority of 
male subjects). Oeular manifestations 
are found in 35% of patients and con- 
sist of cataracts, retinitis proliferans, 
retrolental fibroplasia, ophthalmia 
chorioretinitis, uveitis, pseudoglioma, 
retinal detachment, optic atrophy, 
strabismus, and nystagmus.’ Retinal 
findings will distinguish incontinentia 
pigmenti from foeal dermal hypopla- 
sia. 

Anophthalmia nas been associated 
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- with multiple congenital defects in a 
>- similar distribution to that of focal 
dermal hypoplasia. Polydactyly, high 
palate, deformed ears, bossed fore- 
~head, open sutures, facial malforma- 
“tions, cardiovascular anomalies, oligo- 
-nephria, renal ectopia, spina bifida, 
-and mental retardation have been re- 
‘ported with anophthalmia.*” To our 
knowledge, however, dermatologic ab- 
-normalities have not been previously 
: identified in association with anoph- 


Although most cases of anoph- 
thalmia occur sporadically, anoph- 
-thalmia is observed in familial syn- 


-= 1 Wechsler MA, Papa CM, Haberman F, Mar- 
-Jon RW. Variable expression in focal dermal hy- 
poplasia: an example of differential X-chromo- 
ome inactivation. AJDC. 1988;142:297-300. 
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dromes other than Goltz syndrome.“ 
The heredity of familial anophthalmia 
is heterogeneous, although when asso- 
ciated with multiple congenital anom- 
alies, a sex-linked recessive pattern of 
inheritance is usually displayed.“ 
Anophthalmia, mental retardation, 
and renal, skeletal, and cardiac abnor- 
malities are seen in hemifacial micro- 
somia. Autosomal recessive, simple 
dominant, and X-linked recessive 
modes of inheritance have been 
demonstrated.” Waardenburg’s reces- 
sive anophthalmia is an autosomal re- 
cessive syndrome characterized by 
anophthalmia, hand-foot defects, and 
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=> @ We studied collagen shield heparin 
delivery to the rabbit eye utilizing radiola- 
beled heparin as well as a fibrin inhibition 
assay. Radiolabeled heparin studies re- 
ealed significant tritium delivery to the 
ornea, aqueous, and iris, with only trace 
evels detectable for the lens, vitreous, 
ind sclera. An aqueous fibrin inhibition 
issay revealed that a single collagen 
hield soaked in heparin achieved anterior 
hamber anticoagulant levels that paral- 
“feled the time course of the radiolabeled 
heparin delivery and resulted in fibrin inhi- 
ition during the 6-hour study period. Sub- 
conjunctival heparin injection did not alter 
aseline aqueous anticoagulant activity. 
lo complications related to collagen 
hield heparin delivery were encountered. 
ese. studies suggest that a heparin- 
ydrated collagen shield may prevent 
i »stoperative fibrin tormation in eyes at 
sk for this complication, including eyes 
ndergoing surgery for the complications 
of proliferative diabetic retinopathy prolif- 
“erative vitreoretinopathy, and glaucoma 
‘filtration surgery. 

l (Arch Ophithätmol. 1990; 108: 104-106) 


P ostopetative anterior chamber fi- 
“brin exudation is seen in several 
‘clinical settings, especially after vi- 
‘trectomy surgery for proliferative di- 
abetic retinopathy, proliferative vit- 
reoretinopathy, ocular trauma, or se- 
‘vere intraocular infection.'? Fibrin has 
been noted to stimulate the transfor- 
-mation of retinal pigment epithelia] 
cells into fibrocytelike cells with mi- 
‘gratory and contractile properties.’ 
‘he fibrin clot may also act as a scaf- 
fold for cellular proliferation and con- 
‘traction. These properties of fibrin 
1ay predispose eyes with fibrin exu- 
dation to proliferative vitreoretinopa- 
thy and ultimately to retinal detach- 
ment. Fibrin exudation may also en- 
chance wound healing, leading to 
-premature closure of filtering fistulas 
‘in glaucoma surgery.** 

¿Qur initial studies directed toward 
‘interrupting postoperative fibrin for- 
‘mation evaluated the use of heparin 


anlar, 
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sodium, a glycosaminoglyean with 
multiple biochemical effects, including 
inhibition of fibrin formation. This 
previous investigation established a 
reproducible model of postoperative 
anterior chamber fibrin formation and 
indicated that intracameral delivery, 
intravenous delivery, or subeutaneous 
delivery of heparin could significantly 
reduce postoperative fibrin formation.” 
A clinical trial to evaluate the ability 
of heparin to alter postoperative fibrin 
formation in vitrectomized eyes dis- 
closed a significant decrease in postop- 
erative fibrin formation in patients 
treated with an infusion solution con- 
taining 10 IU/mL of heparin sodium. 
However, this patient group was noted 
to have an increase in the amount of 
postoperative hemorrhage." 

Recent studies of collagen shield 
topical delivery of antibiotics and 
corticosteroids’? suggested that this 
unique, sustained delivery modality 
might be useful for intraocular hep- 
arin delivery. This study presents the 
pharmacodynamics and anticoagula- 
tion efficacy of transcorneal collagen 
shield heparin delivery. 


MATERIALS AND METHODS 


in this study, we used male and female 
New Zealand albino rabbits weighing 2 to 
2.5 kg. All studies were performed in accor- 
dance with the Association fer Research 
and Vision in Ophthalmology guidelines on 
the use of animals in research. The rabbits 
were sedated and anesthetized with intra- 
muscular xylazine hydrochloride (10 mg/ 
kg) and ketamine hydrochloride (50 mg/kg) 
and given an intravenous injection of chlo- 
ramphenicol sodium (100 mg) as antibiotic 
prophylaxis. 

Tritiated heparin sodium (New England 
Nuclear, Boston, Mass) was dilated in com- 
mercially available heparin sodium (10000 
IU/mL; Lyphomed, Rosemont, IH) to pro- 
duce a specific activity of 1.83 x 107 epm/ 
mL of heparin. Collagen shie'ds (Bio-Cor 
24-hour Collagen Corneal Shield; Bausch 
and Lomb Pharmaceuticals, Clearwater, 
Fla) were hydrated for 20 minutes in 2 mL 
of the radiolabeled heparin. Each shield 
absorbed approximately 50 + 5 uL of the 
radiolabeled heparin solution.’ Scintilla- 
tion counting confirmed tritium uptake of 
the radiolabeled heparin within the colla- 
gen shield. 

Penetration of radiolabeled heparin into 
the cornea, aqueous humor, iris, and vitre- 
ous was measured by applying presoaked 
collagen shields containing tritiated hep- 
arin onto both eyes of each experimental 
animal for 15 minutes, 30 minates, and 1, 2, 
4, and 6 hours. A total of 24 eyes were uti- 


lized, with 4 eyes examined at each of the six 
time points. Preliminary experiments dis- 
closed no detectable tritiated heparin in the 
fellow untreated eye after treatment to one 
eye with tritiated heparin, thus allowing 
use of both eyes simultaneously. After ap- 
plication of the shield, the eyes were taped 
shut, and the animals were kept lightly se- 
dated throughout the shield application pe- 
riod. 

After treatment, animals were killed 
with a 75-mg/kg overdose of pentobarbital 
sodium given by marginal ear vein injec- 
tion. The collagen shields were removed, 
and the corneal and conjunctival surfaces 
of the eyes were washed with 5 mL of phos- 
phate-buffered saline and dried. A 30-gauge 
needle on a tuberculin syringe was used to 
withdraw 0.1 to 0.2 mL of aqueous humor 
via a limbal paracentesis site. The globes 
were then enucleated and rinsed three 
times in phosphate-buffered saline. A 
circumferential full-thickness incision 
through sclera and choroid was made 2.5 
mm from the limbus, and the anterior seg- 
ment structures were dissected free from 
the vitreous body. A disposable trephine 
was used to remove an 8.0-mm central cor- 
neal button. The iris was excised by disin- 
sertion from the iris root. The vitreous body 
was removed by expression. The cornea and 
iris were rinsed three times in phosphate- 
buffered saline and then blotted. 

All tissues and fluids were weighed. Cor- 
nea, iris, and vitreous specimens were sol- 
ubilized by the addition of 1 mL of 0.5 mol/ 
L of dihydroxyacetone (Protosol; New En- 
gland Nuclear) and placed in a 45°C 
oscillating water bath for 12 hours. After 
the specimens were cooled to 25°C,10 mL of 
liquid seintillation cocktail (Aquasol; New 
England Nuclear) was added to each spec- 
imen, which was then counted in a scintil- 
lation counter. 

Data are expressed as counts per minute 
per milligram of tissue (or per milliliter for 
aqueous) and reported as the mean concen- 
tration of the four replicates for each treat- 
ment interval. The Wilcoxon two-sample 
rank-sum test was used for statistical com- 
parisons. Statistical significance was ac- 
cepted at P < .05. 

Aqueous fibrin inhibition activity result- 
ing from topical application of a heparin- 
hydrated collagen shield or subconjunctival 
heparin injection was evaluated using a 
fibrinometer assay as previously de- 
scribed.*> Collagen shields (Bio-Cor, 12- 
hour Collagen Corneal Shield; Bausch and 
Lomb Pharmaceuticals) were hydrated 
with commercially available heparin so- 
dium (10000 IU/mL). The hydrated shields 
were placed on the corneas of sedated rab- 
bits using the same protocol as described 
for the radiolabeled experiments. Subcon- 
junctival injections of 400 IU of heparin so- 
dium in 400 aL were given in the super- 
otemporal quadrant of the sedated rabbit 
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using a 27-gaugemeedle. A total of 48 eyes 
were utilized, with 4 eyes examined at each 
time poiat for avcrated collagen shield or 
a subconjumctival heparin delivery. After 
`w . treatment, aqueous was removed through a 
-oco imbal paracentesis as described above. 
= o o Briefly, for the fibrinometer assay, the 
© following prewarmed components were 
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Aqueous 
Time (P) 
15 min 1799 (.002) 
30 min 2143 (.002) 
Th 1913 (.002) 
2h 1990 (.002) 
4h 803 (.002) 


402 (.002) 


“Levels are expressed as counts per minute per milliliter of aqueous or cousts per minute per milligram of 





Cornea itis 
(P) (P) 

















11502 (.03) 1512.03) 
15923 (.002) 785 {.002) 
16 439 (.002) 766 {.002) 
11865 (.002) 727 {,002) 
7349 (002) 574 1.002) 
6335 (.002) 612 {.002) 





tissue for cornea and iris. P values are determined by Wilcoxon's two-sample sank-surm analysis. 


combined: 100 uL of 1.25 IU/mL thrombin, 
50 uL of salt-buffered phosphoethylene gly- 
col (PEG 6000; JT Baker, Phillipsburg, NJ), 
and 50 uL of either the heparin standard or 
the unknown aqueous sample. The mixture 
was placed in the fibrinometer (Beckton- 
Dickinson, Cockeysville, Md), 50 uL of cit- 
rated human plasma was added, and the 
time to fibrin clot formation was deter- 
mined. Each sample was assayed in tripli- 
cate. Unknown aqueous samples were plot- 
ted against the heparin standard curve to 
establish the aqueous anticoagulant activ- 
ity, which was expressed in heparin inter- 
national units per milliliter. 

Baseline aqueous anticoagulant activity 
was determined on seven untreated control 
eyes. Preliminary experiments disclosed no 
detectable change in baseline aqueous anti- 


ecoagulant activity of the fellow eye after 


treatment to one eye with either the hep- 
arin-hydrated collagen shield or subcon- 
junctival heparin injection. Mean aqueous 
anticoagulant activity was calculated for 
each interval. The Wilcoxon two-sample 
rank-sum test was used for statistical com- 
parisons. 


RESULTS 


Corneal application of tritiated hep- 
arin in a 24-hour collagen shield re- 
sulted in a peak of aqueous uptake by 
30 minutes that was sustained for up to 
2 hours before decreasing over the next 
4 hours (Fig 1). There was an 8- to 12- 
fold increase in corneal tritium levels 
relative to aqueous levels throughout 
the 6-hour period studied (Fig 2, Table 
1). No significant levels of tritiated he- 
parin were found in the lens or vitreous 
(P > .05). Aqueous fibrin inhibition ac- 
tivity was measured following appli- 
cation of heparin-hydrated collagen 
shields as well as subconjunctival he- 
parin injections. Control aqueous sam- 
ples were found to have an endogenous 
anticoagulation activity of heparin of 
0.0515 + 0.0099 IU/mL. Maximum 
aqueous heparin activity of 0.232 IU/ 
mL was found 30 minutes after appli- 
cation of the heparin-hydrated colla- 
gen shield, with sustained delivery for 
the remainder of the 6-hour experi- 
mental period (Fig 3). Subconjunctival 
delivery of heparin was not associated 
with increased levels of aqueous anti- 
coagulant activity above baseline lev- 


els at any time peint studied (Ta- 
ble 2). 
CCMMENT : 

To our knowledge, this study is the — 
first investigaticn of intraocular hep- 
arin delivery by corneal collagen 
shield application. This study indi- - 
cates that the use of a single collagen - 
shield results in the rapid transeorneal 
delivery of tritium, with sustained 
aqueous tritium levels and aqueous fi- 
brin inhibition ectivity for at least 6 
hours. Subconjunctival delivery of an 
equivalent dose cf heparin does not al- 
ter baseline aqueous anticoagulant ac- 
tivity. These findings.are in agreement 
with our recent. studies of collagen 
shield-enhanced dexamethasone alco- 
hol delivery as well as recent studies of 
enhanced antibictic delivery with col- 
lagen shields.*” | | 

Transcorneal drug delivery is a com- 
plex phenomenon requiring transfer 
across the corneal epithelium (a li- 
pophilic barrier}, corneal stroma (a 
hydrophilic barrier), and corneal en- 
dothelium (a lipophilic barrier). 
Transcorneal drug delivery represents 
a differential solubility model as op- 
posed to a simple diffusional model. 
The collagen shield may facilitate 
transcorneal heparin delivery by three 
mechanisms. First, it may increase the 
drug levels withir the precornesl tear 
film. Second, it may increase the time 
of contact of the drug with the cerneal 
epithelium. Last, it may subtly alter 
the corneal epithelium, allowing for 
increased drug access to the underly- 
ing stroma. 

Interpretation of the results in this 
study must consider certain aspects of 
the experimental design. First, ani- 
mals were kept lightly sedated with 
their eyes taped shut during treatment 
to keep the shields from being ejected. 
The effects of anesthesia and suppres- 
sion of blinking eould have affected 
drug release from the shields by alter- 
ing tear turnover or by inhibiting 
blink-induced drug release from the 
shield. Furthermore, the thinner cor- 
nea and sclera in the rabbit eve as 
compared with the human eye make it 
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fficult to directly compare the values 
obtained in the rabbit with those that 
ight be obtained in the human eye. 
lowever, it is likely that the relative 
heparin ocular drug levels in the two 
reatment modalities used to deliver 
heparin i in this study would also apply 
1 a human clinical setting. 
‘Transcorneal drug delivery has been 
previously investigated using drug- 
inding soft contact lenses or collagen 
afers.'*'* Collagen shield drug deliv- 
ery may be enhanced by their rapid 
conformation to the shape of the cor- 
nea, the inherent material matrix, as 
well as the rapid dissolution of the 
corneal collagen shield within 12 to 72 
hours. These properties of the collagen 
shields make them useful in clinical 
situations that require brief, sustained 
periods of drug delivery. 
_ Due to availability, we used 24-hour 
collagen shields for the radiolabeled 
studies and 12-hour collagen shields 
for the anticoagulant studies. Within 
the 6-hour study period, the anticoag- 
ulant activity closely paralleled radio- 
labeled heparin delivery for either the 
12- or 24-hour collagen shields, thus 
enabling us to utilize the shields inter- 
changeably. With extended applica- 
tion times in excess of 6 hours, this 
might not hold true. 
- The role for heparin in the postop- 
erative period, particularly in eyes un- 
dergoing surgery for the complications 
of proliferative diabetic retinopathy, 
proliferative vitreoretinopathy, ocular 
trauma, or infection, is due to its abil- 
ity to modulate fibrin formation, cel- 
lular proliferation, and wound healing. 
Heparin binds to antithrombin III, ac- 
tivated factors XII, XI, and IX, as well 
as plasma heparin cofactor 11, thus 
inhibiting the formation of a fibrin 
seaffold for cellular migration and con- 
raction associated with wound 
healing. $? 
- Heparin also binds to numerous cell 
- adhesion proteins, including fibronec- 
_ tin, laminin, and vitronectin.” These 
- cell adhesion proteins may alter cell 
attachment to an underlying matrix as 
well as alter cell morphologic features. 





Shield Subconjunctival injection 
Dose, IU Time, h (P) (P) 

Sham 0 0.052 0.052 

400 % 0.232 (.0121) 0.052 (NS) 

400 1 0.116 (.0121) 0.054 (NS) 

400 2 0.096 (.008 1) ~ 0.052 (NS) 

400 4 0.104 (.005 1) 0.052 (NS) 

400 6 0.098 (.006 1) 0.057 (NS) 


aS Following application of heparin sodium-hydrated 12-hour collagen shield or subconjunctival heparin injec- 
tion of equivalent heparin doses. Levels are expressed in heparin-equivalent international units per mililiter of 
aqueous. P values are determined by Wilcoxon's two-sample rank-sum analysis. 





Heparin is known to inhibit cellular 
proliferation of human scleral fibro- 
blasts and rat arterial smooth-muscle 
cell.?! Inhibition of cell proliferation 
may be due to heparin binding of 
platelet-derived growth factor and fi- 
broblast growth factor. Thus, hep- 
arin may play a pivotal role in altering 
both the fibrin scaffolding and the cel- 
lular migration and contraction that 
play a vital role in wound healing and 
scar tissue formation. 

In previous investigations of ocular 
heparin, intracameral as well as intra- 
venous administration of heparin re- 
duced fibrin formation in an experi- 
mental vitrectomized eye. However, 
intravenous heparin administration is 
known to alter the systemic coagula- 
tion cascade, while intracameral hep- 
arin is associated with increased post- 
operative hemorrhage in a human clin- 
ical trial.: Transcorneal delivery of 
heparin via a collagen shield may ad- 
dress the concern of intraocular hem- 
orrhage by delivering a low dose of 
heparin over an extended period. Sus- 
tained low-dose delivery of heparin 
may play an important role in the 
postoperative modulation of wound 
healing in eyes at risk for excessive 
wound healing response. 


This study was supported by grant EYO32887 
from the National Eye Institute, Bethesda, Md. 

Mark Schuman, MD, established the aqueous 
fibrin inhibition assay. 

The collagen shields were supplied by Bausch 
and Lomb Pharmaceuticals. 

The authors have no commercial, proprietary, 
or financial interest in any of the products or 
companies described in this study. 


References 


1. Faulborn J, Conway BP, Machemer R. Sur- 
gical complications of pars plana vitreous sur- 
gery. Ophthalmology. 1978;85:116-125. 

2. Sebestyen JG. Fibrinoid syndrome: a severe 
complication of vitrectomy surgery in diabetics. 
Ann Ophthalmol. 1982;14:853-856. 

3. Macdonald SG, Buzney SM, Quiroz H, Fu- 
rukawa H, Schepens CL. Fibrin and vitreoprolif- 
erative disease. Invest Ophthalmol Vis Sci. 
1984;25( suppl ):273. 

4. Vidaurri-Leal JS, Glaser BM. Effect of fibrin 
on morphologic characteristics of retinal pigment 
epithelial cells. Arch Ophthalmol. 1984;102:1376- 
1379. 


106 Arch Ophthaimol—Vol 108, January 1990 


5. Addicks EM, Quigley HA, Green WR, Robin 
AL. Histological characteristics of filtering blebs 
in glaucomatous eyes. Arch Ophthalmol. 1983; 
101:795-798. 

6. Van Buskirk EM. Cysts of Tenon’s capsule 
following filtration surgery. Am J Ophthalmol. 
1982;94:522-525. 

7. Johnson RN, Balyeat E, Stern WH. Heparin 
prophylaxis for intraocular fibrin. Ophthalmol- 
ogy. 1987;94:597-601. 

8. Johnson RN, Blankenship G. A prospective, 
randomized clinical trial of heparin therapy for 
postoperative intraocular fibrin. Ophthalmology. 
1988;95:312-317. 

9. Aquevella JV, del Cerro M, Musco PS, Ueda 
S, DePaolis MD. The effect of a collagen bandage 
lens on corneal wound healing. Ophthalmic Surg. 
1987;18:570-573. 

10. Poland DE, Kaufman HE. Clinical uses of 
collagen shields. J Cataract Refract Surg. 1988; 
14:489-491. 

11. Phinney RB, Sehwartz SD, Lee DA, Mon- 
dino BJ. Collagen-shield delivery of gentamicin 
and vancomyein. Arch Ophthalmol. 1988;106:1599- 
1604. 

12. Unterman SR, Rootman DS, Hill JM, Parel- 
man JJ, Thompson HW, Kaufman HE, Collagen 
shield delivery: therapeutic concentrations of to- 
bramycin in the rabbit cornea and aqueous hu- 
mor. J Cataract Refract Surg. 1988;14:500-504. 

13. Huang D, Stern WH, Huang PH, 
MacGowan-Smith E. Cellagen shield enhance- 
ment of topical dexamethasone penetration. Arch 
Ophthalmol. 1989;107:1375-1380. 

14. Chen Al, Hershgoid EJ, Wilson DE. One- 
stage assay of heparin. J Lab Clin Med. 1975; 
85:843-854. 

15. Teien AN, Lie M. Heparin assay in plasma: 
a comparison of five clatting methods. Thromb 
Res. 1975;7: 777-788. 

16. Bloomfield SE, Miyata T, Dunn MW, Bueser 
N, Stenzel KW, Rubin AL. Soluble gentamicin 
ophthalmic inserts as a drug delivery system. 
Arch Ophthalmol, 1978;96:885-887. 

17. Hull DS, Edelhauser HF, Hyndiuk RA. Oec- 
ular penetration of prednisolone and the hydro- 
philic contact lens. Arch Ophthaimol. 1974;92:413- 
416. 

18. O’Brien TP, Sawusch MR, Dick JD, Ham- 
burg TR, Gottsch JD. Use of collagen corneal 
shields versus soft contact lenses to enhance pen- 
etration of topical tobramycin. J Cataract Refract 
Surg. 1988;14:505-507. 

19. Fareed J. Heparin, its fractions, fragments 
and derivatives: some newer perspectives. Semin 
Thromb Hemost, 1985;11:1-9. 

20. Yamada K. Cell surface interactions with 
extracellular materials. Ann Rev Biochem. 1983; 
52:761-799. 

21, Del Veechio PJ, Bizios R, Holleran LA, 
Judge TK, Pinte GL. Inhibition of human scleral 
fibroblast proliferation with heparin. Invest Oph- 
thalmol Vis Sct. 1988;29:1272-1276. 

22. Clowes AW, Karnovsky MJ. Suppression by 
heparin of smooth muscle cell proliferation in in- 
jured arteries. Nature. 1977;265:625-628. 

23. Hoover RL, Roser berg R, Haering W, Kar- 
novsky MJ. Inhibition of rat arterial smooth 
muscle cell proliferation. Cire Res. 1980;47:578- 
583. 

24. Folkman J, Klagsbrun M, Sasse J, Wadzan- 
ski J, Ingber D, Viodavsky I. A heparin-binding 
angiogenic protein—basic fibroblast growth fac- 
tor—is stored within basement membrane. Am J 
Pathol. 1988:130:393-400. 

25. Maciag T, Mehiman T, Friesel R, Schreiber 
AB. Heparin binds endcthelial cell growth facter, 
the principal endothelial cell mitogen in bovine 
brain. Science. 1984;225:932-935. 

26. Gospodarawicez D, Cheng J, Lui G, Baird A, 
Bohlent P. Isolation of brain fibroblast. growth 
factor by heparin-sepharose affinity chromatog- 
raphy: identity with pituitary fibroblast growth 
factor. Proe Natl Acad Sci USA, 1984;81:6963- 
6967. 


Heparin Delivery—Murray et al 












































































the Rat Cornea 


: Paul E Badenseh, BSe (Hons); Alan M. Johnson, PhD; Peter E. Christy, BSe (Hons); Douglas J. Coster, FRCS 


uoo © Acanthamoeba keratitis is a sight- 
threatening disease that is difficult to 
> > treat. The develepment of an animal mode! 
~~. is necessary far many of the studies re- 
<O quiredito improve visual outcome in human 
patients. A ratamodel is proposed that is 
dependent en coinoculation of amebae 
orynebacieria into the corneal stro- 
1. The infective dose was determined for 
vil ent Acerthamoeba isolate and was 
used to screen 17 other isolates, including 
7 from the human cornea. A total of 6 were 
nfective in the rat cornea. The model 
Should be usefel for controlled in vivo 
© l studies of this intractable condition. 
(Arch Ophtkaimol. 1990;108:107-112) 















te a Acanthamoeba com- 
_ monly presents as a progressive sup- 
i edition resulting in irre- 
















irste ee eis by Jones et.al! in 1973, 
Acanthamoebe keratitis has become 
ost frequently seen disease 
by æ free-living ameba. The 
umber of eases reported has risen 
lramatically. since 1984, with many 
occurring in contact lens wearers.’ In- 
tensive treatment with propamidine 
preparations kas been reported to im- 
“prove the condition to give a quiet, 
Accepted for publication August 4, 1989. 
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scarred, and often vascularized cor- 
nea.*? 

The establishment of an animal 
model of Acanthamoeba keratitis is an 
important priority for the study of the 
pathogenic mechanisms used by this 
organism and for the development of 
new treatments. Font et al’ estab- 
lished Acanthamoeba keratitis in cor- 
ticosteroid-treated rabbits with the 
injection of trophozoites (the trophic, 
reproductive stage) and cysts (the dor- 
mant stage). In this study, we report 
the results of the inoculation of 18 
Acanthamoeba isolates into the cor- 
neas of untreated rats. The research 
plan was to discover one virulent iso- 
late, establish the dose required to in- 
fect 100% of corneas, and use this in- 
oculum size to screen the remaining 
isolates. However, the initial attempts 
to create infections with either of two 
isolates, Ac 112 or Ac 118, by intra- 
stromal injection of up to 10‘ amebae 
failed (P.R.B., unpublished data, 1988). 

On three occasions since 1984 we had 
isolated Corynebacterium from the 
corneas of patients with active amebic 
keratitis. This suggested that the pres- 
ence of such an organism may assist 
Acanthamoeba to survive in the cor- 
nea. In a preliminary experiment, 
therefore, a Corynebacterium orga- 
nism and an Acanthamoeba organism 
(Ac 118, chosen because of its vigorous 
growth in axenic culture) were inocu- 
lated into rat corneas. Injection of 
these organisms separately caused no 
observable infiltrate. However, when 
injected together, suppurative kerati- 
tis resulted. The infective dose for 
these organisms was determined. 




























Preparation cf Amebae __ 


The laboratory reference aura ori. 
gin, Pussard-Pons* group assignation , and 
nominal speciatior, where possible, of 
Acanthamoeba iso.ates used are 3 
Table 1. Some of the cases from wk ich the 
clinical isolates were ebtained are in: the 
literature, and reference numbers. are 
given. References for the type strains are 
also given. k 

Cysts were stored at —20°C in distilled 
water containing 15 mel/L of methyl alco- : 
hol. For culture, aliquots were thawed and- 
samples were inoculated onto nonnutrient.. 
agar plates overlaid with live Escherichia 
coli (American Tissue Culture Collection 
[ATCC] 25922). Plates were incubated at 
30°C for 7 days. A strip cf agar was removed 
from each plate and placed in a. 50-mL 
plastic cell-culture flask (No. 163371, A/S 
Nunc, Kamstrup, Denmark). A 10-raL vo 
ume of PYNFH ameba culture medium was 
added. PYNFH wes made to the ATC 
modifications of the original formula of 
Laverde and Brent,“ with the addition € 
D-biotin (58.6 nmol/L). The flasks were laid 
flat in an incubater at 30°C for 7 day 
Every second day each dask was resupple- 
mented with 1000 IJ of penicillin G potas- 
sium and 1 mg of streptomycin sulfate. On 
the fifth day samples were cultured on blood 
agar to exclude bacteria’ or fungal contam- 
ination. 





Preparation of Bacteria 


A strain of Corynebacterium xerosis was 
cultured from the cernea of a patient with 
Acanthamoeba. keratitis.’ This was store 
in skim milk at ~80°C. An ampule, thawed 
and placed into 10 mL of brain-heart infu- 
sion broth (Oxoid Ltd, Basingstoke, En- 
gland) with the additien of defibrinated — 
horse serum (1% ) (Micro-Biological Media 
Makers of Australia, Melbourne, Victoria), © ae 
was incubated for 4 days at 35°C. _ E 
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‘State - Cross-Reference 
| Water — No. 
Laboratory mm1 mmm 


= No.  ATCC* CCAPH 


i Origin 
Ac001 30171 — 


Cell culture 

















30461 


‘Ac 010 3087 1 1501/3a Fresh water, 


1501/2g Cornea, 


TAE EA England 
Ac. 024 30011 

ee | England 
OAS 109 os — Cornea, 
Australia 
Cornea, 
Adelaide, 
Australia 
Conjunctiva, 
Melbourne 
Cell culture, 
Melbourne 

















Contact tens 
case, 
Melbourne 














































Ac 1ii8  — w 
Australia 
Cornea, 
Brisbane, 
Australia 
Cornea, 
Adelaide 
Fresh water, 
Bali, 
indonesia 


Ac 120 — mame 


1 FMC 12 
TT Adelaide 
| aco 44 ~ — 
DE a Adelaide 

"EMC 65 a ae = 
z aop Adelaide 
E ET TERE Tipe Culture Collection, Rockville, Md. 


2 “Preperation of inocula 
z Amebie cultures were shaken and de- 
nted into 20-mL plastic V-bottomed uni- 
versal containers. These were centrifuged 
200g for 8 minutes and the pellets were 
resus pended in a normal saline solution. 
he preparations were centrifuged once 
ain and the pellets were resuspended. An 
aliquot of each preparation (0.2 mL) was 
ed with an equal volume of a solution of 
: lue (0.1%) in Dulbecco’s phos- 
uffered saline containing 0.2% eth- 
minetetraacetic acid. The numbers 
iable amebae were determined by dye 
usion using a hemocytometer. Between 
and 98% of the amebae from each cul- 
ure were present as trophozoites, with the 
exception of one Ac 118 culture used in the 
-infective-dose experiment in which only 
-these forms were seen. Approximately 90% 
of the trophozoites from each culture were 
viable. Trypan blue stained the cell wall of 

















1501/3g Cornea, Texas 


United States 


















1501/2a Yeast culture, 


Melbourne, 


Brain, Western 


Nasal mucosa, 
Nasal mucosa, 


Nasal mucosa, 
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Pussard- 

Pons? Nominal 

Group Species 

{ll Acanthamoeba Culbertson et 

culbertsoni alë 

(type strain) 

il Acanthamoeba 
lugdunensis 

H Acanthamoeba 
polyphaga 

( 44 n e otyp e +è 

strain) 

i Acanthamoeba 

castellani 

H Á castellani 
(type strain) 


li A polyphaga 

















Jones et al’ 
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Nagington et 
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Jackson et al 
















A castellani Roussel et al'' 











McClellan and 
Coster? 


A polyphaga 





Harwood et al” 





it ibe Badenoch et 
al 

if eee Badenoch et 
als 

ii n: Badenoch et 
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i tCambridge Collection of Algae and Protozoa, Cambridge, England. 


mature cysts. The suspensions were centri- 


fuged once more and resuspended to 2 X 10’ 


viable amebae per milliliter. For the deter- 
mination of the infective dose of isolate Ac 
118, 10, 10-7, and 10> dilutions in saline 
were prepared. 

To ensure that the concentration of anti- 
biotics had been reduced to a noninhibitory 
level, samples (10 uL) were placed into wells 
in Mueller-Hinton agar (Oxoid) containing 
saponin-lysed defibrinated horse blood 
(5% ) (Commonwealth Serum Laboratories, 
Melbourne, Victoria). The agar has been 
overlayed with C xerosis. The plates were 
incubated in 5% carbon dioxide/air at 35°C 
for 48 hours. No antibiotic activity was de- 
tected from the amebic suspensions. 

The C zxerosis broth culture was centri- 
fuged at 720g for 5 minutes and the pellet 
was resuspended with saline. The concen- 
tration of bacteria was estimated using 
McFarland standards. The preparation was 


centrifuged again and the pellet was sus- 
pended to approximately 2 x 10° cells per 
milliliter. This concentration was verified 
by plating out dilutions onto blood agar and 
counting colonies after 48 hours of culture. 
For the Ac 118-infective dose experiments, 
dilutions of bacteria of 10° and 10% were 
prepared. 

Equal volumes of the Acanthamoeba and 
C xerosis preparations were mixed in ster- 
ile glass containers. Inocula containing 
either organism alone were mixed with an 
equal volume of sterile saline. 


Pian of Experiments 


To determine the numbers of Ac 118 
trophozoites and C xerosis cells required to 
infect 100% of corneas, inocula were pre- 
pared according to a checkerboard consist- 
ing of between 0 and 10* amebae and be- 
tween 0 and 10° bacteria. The results pre- 
sented are from five experiments involving 
92 rats. 

To compare the virulence of other Acan- 
thamoeba with Ac 118, eight corneas were 
inoculated for each isolate. A total of 72 rats 
were used during four experiments. In each 
experiment two corneas were injected with 
Ac 118 as a positive control. 


Corneal Infection 


Adult outbred female Porton rats were 
anesthetized by halothane inhalation. In- 
oculations were made under a microscope 
using a 10-uL microsyringe (No. 701, Hamil- 
ton Co, Reno, Nev) fitted with a 3l-gauge 
needle (KF 731, Hamilton Co). The needle 
shaft had been cut to 1 em in length and the 
point had been beveled and blunted. For 
each cornea, a short incision was made pe- 
ripherally. The needle was inserted into the 
wound and run parallel with Descemet’s 
membrane through the stroma to the cen- 
ter of the cornea. Inoculum (1 uL) was 
injected over about a 20-second period. 
Performed slowly, the injections can be 
made without observable leakage. 

Rats were observed daily and were pho- 
tographed using a camera attached to the 
microscope. Seven days after inoculation, 
all eyes with a corneal infiltrate were col- 
lected. Rats were killed by halothane over- 
dose and the eyes were excised. The extent 
of suppuration was estimated as a percent- 
age of the total corneal area. The presence 
or absence of neovascularization was noted. 
The globes were punctured and placed in 
buffered formaldehyde solution. Nine ap- 
parently uninfected eyes from the infec- 
tive-dose experiment and three from the 
virulence screening were also collected 
then. The remaining rats were followed up 
for up to 8 weeks. Any rat that had a kera- 
titis develop in this period was killed and 
photographed, and the eye was excised. 

Histologic Findings 


Globes were cut sagittally just off center 
and the larger section was placed cut sur- 
face down in embedding mixture (JB-4)." 
Sections (thickness, 2 um) were stained 
with hematoxylin-eosin and Gram’s re- 
agents. Eight or more sections were viewed 
for each eye. The number of cysts and troph- 
ozoites in each section was noted. Cysts 
were recognized by their cell wall structure 
and trophozoites were recognized by their 
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No. of Acanthamoeba Injected 


No. of Corynebacterium xerosis Injected 





Fig 1.—Determination of the number of Acanthamoeba (Ac 118) and corynebacteria required for 
infecticn of the rat cornea. In the boxes the numerator is the number of eyes with infiltrate 7 days 
after inoculatien and the denominator is the total number of corneas injected. 


distinctive nucleus with prominent nucleo- 
lus. With practice, a purple-stained section 
of trophozoite cytoplasm not containing a 
nucleus could be recognized. 

RESULTS 


An moculum of 10° Ac 118 cells, pre- 
dominantly trophozoites, and 10° 
corynebacteria was required to induce 
an infiltrate in all rat corneas so in- 
jected (Fig 1). The inoculation of either 
organism alone did not induce a sig- 
nificant infiltrate within 8 weeks. At 
least 10? amebae, with corynebacteria, 
had to be injected to induce an infil- 
trate. Corneas classified as negative 7 
days after inoculation had a small 
amourt of granulation (< 0.5 mm di- 
ameter) centrally and a faint scar at 
the ineision site and along the needle 
track. Histologic study of nine such 
corneas revealed neither organisms 
nor ary sign of inflammation. All in- 
oculated eyes appeared uninflamed for 
the first 4 days and it was impossible to 
predict in which eyes an infiltrate 
would develop. Thereafter the infiltra- 
tion progressed for 3 days, leading to 
corneal suppuration by day 7 (Fig 2). 
At this stage, between 50% and 100% 
of the corneal area was infiltrated and 
10 of 25 eyes showed peripheral corneal 
neovascularmation. In general, there 
was no correlation between the rate of 
development of an infection or its se- 
verity and the number of organisms 
injected. The only exception to this was 
the late development of infiltrates in 
two corneas that had been injected 
with 1@ Ac 118 and 10° bacteria. These 
rats were scered as negative on day 7 
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but subsequently had a corneal suppu- 
ration develop, one in the fifth week 
and one in the eighth week after inoc- 
ulation. 

Histologic examination of each eye 
collected on day 7 with a corneal infil- 
trate showed an acutely inflamed an- 
terior segment with trophozoites 
migrant throughout the cornea. The 
central corneal thickness was approx- 
imately 730 um compared with 230 um 
in uninjected or injected but unin- 
fected eyes. The corneal epithelium 
was present, but the squamous cells 
were convoluted and spaced and the 
basal cells were also spaced compared 
with those of the normal rat eye. This 
was interpreted as being due to edema. 
The endothelium was also present but 
it was infiltrated and supplanted by 
neutrophils and mononuclear cells in 
the central region. Hypopyon was ob- 
served in some eyes. Amebae were 
confined to the stroma; the numbers 
seen in each section ranged from 1 to 
172 (median, 12). The size of the inoc- 
ulum had no effect on the number of 
amebae detected in infiltrated corneas. 
A trail of neutrophils was associated 
withmany of theamebae(Fig3). Troph- 
ozoites were often seen lined up along 
the anterior surface of Descemet’s 
membrane. Occasionally, a dense col- 
lection of pus containing amebae was 
observed in this area (Fig 4). Mono- 
cytes, macrophages, and spindle- 
shaped cells, provisionally identified 
as interstitial dendritic cells, were also 
present in the stroma. Eosinophils and 
blood vessels were observed toward 


the limbus. The numbers of kerato- 
cytes were unchanged from those in 
the normal eye. A peripheral unilat- 
eral epithelial thickening and in- 
growth seen in a few eyes was attrib- 
uted to the incision. Many corneas 
were seen to have microabscesses, 
most of which were present in the pos- 
terior stroma (Fig 5). These consisted 
of leukocytes and several amebae em- 
bedded in an acidophilic matrix. A 
similar substanee was identified as fi- 
brin in the rabbit model.” Bacteria 
were not observed in any section. 

Histologic study ef the two corneas 
that had development of infiltrates 
several weeks after inoculation re- 
vealed stromas containing mononu- 
clear cells and macrophages with the 
occasional neutrophil. The epithelia 
were intact and the endothelia were 
present although the cell nuclei were 
sparse. The cornea collected on day 54 
was highly vascularized. Although no 
amebae were seen, the stroma con- 
tained pockets of a gray, granular ma- 
terial. The size of the pockets sug- 
gested that the material might be the 
remains of trophozoites. The cornea 
collected on day 34 contained tropho- 
zoites and, toward the limbus, many 
fibroblasts. 

Seventeen other Acanthamoeba iso- 
lates were screened for infectivity in 
the rat cornea using an inoculum of 10° 
amebae with 10° C xerosis cells. Five of 
these caused suppuration in one or 
more eyes; three isalates (Ac 109, Ac 
112, and Ac 116) were from human 
corneal infections and two (Ac 001 and 
Ac 115) were found as contaminants in 
cell culture. The results are summa- 
rized in Table 2. The infections devel- 
oped within a week of inoculation, ex- 
cept for one Ac 116 infection that ap- 
peared in the third week. The two most 
infective isolates, Ae 001 and Ac 118, 
are group III] Acanthamoeba according 
to cyst morphologic features in the 
Pussard-Pons’ classification. The 
other isolates that had the ability to 
infect the rat cornea are group II 
Acanthamoeba. Many infected corneas 
displayed peripheral neovasculariza- 
tion, while some had vessels extending 
centrally into the suppurated region. 
No ring infiltrates were seen. Infec- 
tions due to group II amebae were, in 
general, less severe than those due to 
group III amebag, involving 10% to 
50% of corneal surface area in the 
former compared with 50% to 100% 
for the latter. The exception was the 
single Ac 115-imdueed infection in 
which the entire cornea was suppu- 
rated. Histologically, a conspicuous 
finding was that of mature cysts as 
well as trophozoites in 5 Ac 112-in- 
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Fig 2.—Acanthamoeba keratitis in the rat 7 days after intrastromal in- 
jection of 10° Ac 118 trophozoites and 10° Corynebacterium xerosis 


cells. 





Fig 4.—Clustering of Acanthamoeba trophozoites (arrow) anteriorly to 
Descemet’s membrane in the rat. The amebae are embedded in a col- 
lection of neutrophils and mononuclear cells that have also supplanted 


tion X400). 


the endothelium. Red blood cells and macrophagelike cells are also seen 
in the anterior chamber (hematoxylin-eosin, original magnification 


X400). 


fected corneas, the Ac 109-infected 
cornea, and 1 of the Ac 116-infected 
corneas. For group III isolates, in com- 
parison, cysts were not observed in any 
Ac 00l-infected cornea and were 
present in only 1 of a total of 35 Ac 
118-infected corneas. These results 
were unrelated to the number of cysts 
in the inocula. A significant associa- 
tion existed between an infiltrate lim- 
ited in size to less than 50% of corneal 
area and the observation of cysts in 
histologic sections (P < .005, x? test on 
a 2 X 2 contingency table). 
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In a further experiment, the neces- 
sity of C xerosis coinjection was deter- 
mined for the infective isolates Ac 001, 
Ac 109, Ac 112, Ac 115, and Ac 116. Rats 
were given 10‘ viable amebae intra- 
stromally. Four corneas were injected 
for each isolate. These were clear at 7 
days. Another group of rats given 10* 
Ac 001 cells and 10° C xerosis displayed 
infiltration in all corneas inoculated. 


COMMENT 


The development of an animal model 
of Acanthamoeba keratitis is essential 
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Fig 3.—Acanthamoeba trophozoite (arrow) in the rat corneal stroma 
with accompanying neutrophils (hematoxylin-eosin, original magnifica- 


Fig 5.— Sequestration of Acanthamoeba in the rat corneal stroma. Sev- 
eral trophozoites (arrow) are seen embedded in a cluster of neutrophils 
(hematoxylin-eosin, original magnification X400). 


to the detailed study of this condition 
and for controlled in vivo testing of 
new pharmacologic agents. Ideally, the 
model should not be dependent on im- 
munosuppression for these studies. 
We used rats because they are inex- 
pensive, they are easy to keep in large 
numbers, and the size of their eyes al- 
lows controlled surgical procedures. 
Inbred strains and monoclonal anti- 
bodies are available for immunologic 
studies. Also, the patterns of drug flow 
in the rat anterior segment have been 
investigated.'* The inocula were pre- 
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% of Cornea 


-| fsolate injected involved 
| Ac api | 8 50-100 
i : 5 
6 20-50 
1 100 
2 10, 50 
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Presence of 














Presence of Cysts in 
Neovascularization Sectionst 
7/8 0/8 
17/1 1/4 
5/6 5/6 
171 0/1 
1/2 1/2 


3/8 0/8 





* No imfection:: 907, Ac 010, Ac 021, Ac 024, Ac 113, Ac 117. Ac 120, Ac 139, Ac 162, FMC 12, FMC 


` 44, and FMC 65: 
tin: adélition tostreshozoite forms. 


ax most of the amebae 
were in the trophozoite 
was thought that inoculation 
th- active amebae would give the 
best enance of establishing an infec- 






















nber of unsuccessful at- 
tempts to ing t rats by intrastromal 
injection of Acanthamoeba alone, it 
_was discovered that a combination of 
=o  amebae (Ac 1918) and corynebacteria 
~~ eould induce cerneal suppuration. This 
invariably eecurred within 7 days 
when using am moculum of 10* amebae 
and 10° bacteria. The two eyes in which 
_ corneal infiltration was first noticed 
Be severa! weeks after injection had re- 
o peived 7 amebae, 10°, suggesting a 
vio ausal relationship. The infective dose 
o determined fey Ac 118 was used to 
<o gereen another 17 Acanthamoeba iso- 
“lates. A total df 6 isolates were able to 
‘infect the raf cornea, dependent on the 

| coinjection of a eo a ea aS 




















lates oe te te Acanthamoeba cul- 
bertsond (Ac J81) and the other group 
the long-held belief that the most 
pathogenic Acz”thamoeba species are 
members of tkis group.” Three of 
seven Ruman seratitis isolates were 
infective in tae rat cornea. The suppu- 
ation induced by these group H Acan- 
hamoeba was more slowly progressive 
ian that induced by Ac 001 or Ac 118. 
= nee the infiltrated rat eyes were col- 
~~ Jeeted on day %, it is not yet known 
>- whether the infections due to the 
group E isolates progress to the extent 
of the group II-induced infections. 
However, the discovery of cysts in the 
corneas infected with the human kera- 
titis isolates suggests that a funda- 
mental difference exists in the disease 
process indueed by these amebae and 

the more virulent group IH isolates. 
F The results indicate that Acan- 
. thamoeba are less infective for the rat 
cornea than fər the human cornea. 
his may be dueto a natural resistance 
ered from the normal habitat of 
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the rat. Further studies are needed to 
determine whether peculiarities of the 
model are responsible for the seem- 
ingly high numbers of amebae re- 
quired in the inocula and for the lack 
of pathogenicity of several isolates 
from the human cornea. The results 
for A culbertsoni (previously known as 
the Lilly A-1 strain), first isolated 
more than 30 years ago, suggest that 
the virulence of these organisms is re- 
tained after prolonged storage in the 
laboratory. The method used to intro- 
duce amebae into the cornea may not 
be tolerated by some otherwise patho- 
genic isolates. Perhaps these amebae 
would be infective if placed onto the 
surface of an eye having a corneal ep- 
ithelial defect. The infectivity of the 
eysts of each isolate also needs to be 
determined. Group I Acanthamoeba 
organisms, represented herein by Ac 
162, are unlikely to be pathogenic un- 
der any conditions, given their poor 
growth at temperatures as high as 
37°C, and no human infections have 
been attributed to them. It is likely 
that Ac 001 and Ac 118 would be highly 
pathogenic in the human cornea as, 
although most cases have been due to 
group II Acanthamoeba, two infections 
have been attributed to “A cul- 
bertsoni.” This probably reflects the 
relative abundance of these groups of 
Acanthamoeba in the environment. 
To our knowledge, the study by Font 
et al‘ is the only other attempt to 
establish an animal model of Acan- 
thamoeba keratitis of which some de- 
tails appear in the literature. Using an 
isolate from a human cornea, infec- 
tions could only be induced in rabbits 
that had been immunosuppressed. In 
two other studies, corneal isolates 
were tested for virulence by the instil- 
lation of 2 X 10* trophozoites into the 
nostrils or brain of young mice. In the 
first of these, Visvesvara et al” found 
that 94% of mice survived challenge 
with an Acanthamoeba polyphaga iso- 
late (Ac 007, now referred to as Acan- 
thamoeba lugdunensis”) given intra- 











nasally. In the second, De Jonckheere” 
demonstrated a 100% and a 60% sur- 
vival rate, respectively, for two A 
polyphaga isolates given intracranial- 
ly. In comparison, A culbertsoni (Ac ao 
001) was rapidly fatal for all mice in- = 
oculated. In other stadies, a group IH 
isolate from a brain abscess ina dia- 
betie (Ac 118)? and an Acanthamoeba . 
castellani isolate from the lung of a > 
patient with granulomatous amebic 
encephalitis” were found to be lethal © 
for all mice inoeulated intranasally. - 
Perhaps surprisingly, nasal instilla- 
tion of an A culbertsoni organism iso- 
lated from central nervous system © 
tissue of a patiemt with acquired im- = 
munodeficiency syndrome was not _ 
pathogenic in normal mice.” With this Us 
exception, these studies indicate that = 
the pattern of virulence of Acan- 
thamoeba in human disease is re- 
flected in experimental animals and 
that the neural isolates are generally a 
more pathogenic than the ocular iso- 
lates. The infectivity and virulence = 
found for the isolatesintherateyeare 
in accord with these findings. The rat 
model may be useful as a further test 
of Acanthamoebe pathogenicity. Our 
results suggest that corneal isolates do 
not have a trophism for this site and 
that, for example, a highly viru. 
isolate from another body site w 
also be highly virulent in the cornea, 
given the opportunity. 
The role played by the corynebacte- z 
ria needs clarification. The bacteria 
were, by themselves, avirulent in the 
rat cornea yet were essential for the — 
development of amedic keratitis, at 
least with Ac 112 anc Ac 118. No via- = 
ble bacteria could be isolated fromthe -> 
rat cornea in the presence or absence `; 
of amebae by 48 hours after inocula- 
tion (P.R.B., unpublished data, 1989}. 
Corynebacterium xerosis may have 
acted as an adjuvant to enhance the _ 
development of corneal suppuration. Ite 
would be interesting to compare the = 
effect of Corynebacterium parvum, a 
recognized immunopotentiator, in this- - 
situation. Further studies will be- 
aimed at determining the specificity of 
C xerosis in the induction of amebic =- 
keratitis, the effect of bacterial viabil- 
ity, and the ability of the bacteria to 
activate or reactivate the amebic i m- 
fection. ae 
The model shouid be useful in many 
of the in vivo studies required to im- _ 
prove the outcome of this difficult con- 
dition. Whereas the rabbit model was. > 
dependent on sero of corticoster- ee 
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remain scarce. This model should prove. í 


valuable in the assessment of medical 
treatment, particularly if a quantita- 
tive assay of Acanthamoeba viability in 
the rat cornea can be developed. 
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‘butions of Elements in the 


uman Retinal Pigment Epithelium 













mstributions of elements above the 
number of sodium were mapped in 
inal pigment epithelia of eight hu- 
es. X-ray energy spectra and maps 
ollected from cryofixed, freeze- 
nd epoxy-embedded tissues using 
i nergy-dispersive x-ray microanalysis. All 
~ eyes had high concentrations of phospho- 
rus in the nuclei of retinal pigment epithe- 
lial calls. Melancsomes were rich in sulfur, 
zinc, calcium: and iron. Lipofuscin and cy- 
toplesm coniained only phosphorus and 
- guifur in detectable amounts. Drusen, 
when presen, contained phosphorus and 
calcium. Six syes had a prominent alumi- 
num peak recorded from melanosomes, 
- nucis; and Beuch’s membrane. In one pair 
: of 9t+vear-old eves, small, electron-dense 
deposits surrounded many melanosomes 
ndccntained mercury and selenium. Ret- 
inal pigment epithelial melanosomes may 
pind and accumulate metals and other po- 
C tentialiy toxic ions over time, preventing 
— -them fiom reaching the neural retina. 
(face Ophthalmol. 1990; 108:113-117) 















he vertebrate’s retinal pigment ep- 

| thelium (RPE) is a rich reservoir 
of metal iors. Copper exists there in 
periaps the highest concentration in 
_any tissue in the human body.' Its zine 
 contert alsoranks high compared with 
other tissues,’ and zine has been pro- 
3 ‘to Aaa we most abundant and 













O madi associated with melanin gran- 
‘ules, and calcium has also been re- 
i pie to oceur in high concentrations 
|anosomes.* 

ary of the so-called trace metals 
are associated with enzymes, metallo- 
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proteins, or various cofactors involved 
in metabolic processes. For example, 
the enzymes superoxide dismutase (an 
antioxidant), catalase, and retinol de- 
hydrogenase depend on zine for 
functioning.” Tyrosinase, the enzyme 
responsible for melanin synthesis, is a 
copper-based protein.’ Selenium is 
found in the enzyme glutathione per- 
oxidase, another antioxidant located 
in the RPE. 

Although important in many meta- 
bolic pathways, metal ions can also be 
toxic to cells. Certain tissues, most 
prominently bone and skin, can act as 
a protective measure, chelating metals 
and thereby preventing them from 
reaching and damaging other cells in 
the body. The RPE is another potential 
metal-chelating and protective tissue. 
Potts and Aw reported that when 
melanosomes are incubated with vari- 
ous ionic species, they tend to bind 
them proportionally to the atomic 
weight and valence of the element. For 
example, the percent binding of sev- 
eral atomic species to melanin were as 
follows: strontium, 26%; calcium, 30%; 
zine, 37%; iron, 64.5%; nickel, 62%; 
mercury, 72%; copper, 82%; and lead, 
62%. It is likely that melanosomes 
may continue binding metal ions 
throughout the life of an individual, 
ultimately reaching a concentration 
that is demonstrable. 

In this study, we analyzed human 
RPE using an energy-dispersive x-ray 
microanalysis (EDX) unit interfaced 
to a scanning transmission electron 
microscope. This technology allowed 
us to directly visualize and photograph 
the subcellular structure being ana- 
lyzed under the electron beam. Fur- 
thermore, special software (Fast X- 
ray Map, Kevex Corp, San Carlos, 
Calif) allowed us to map distributions 
of several types of ions simultaneously 
within a given section. 


MATERIALS AND METHODS 


Four pairs of eyes (donor ages 76, 77, 90, 
and 90 years) were obtained from the North 
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Florida Lions Eye Bank, University of Flor- => 
ida, Gainesville. All eyes were enucleated `- 
within 6 hours post mortem. Following ~~ 
enucleation, they were stored in sterile 


glass jars on ice until transported totheeye ~~ 





bank where corneas were removed and i 
evaluated for keratoplasty. The globe re- <> 
mainders were then sent to our ultrastruc- 
tural research laboratory. R 

The anterior third of the eye wasremoved 
and the vitreous was stripped from the 
posterior globe. The neural retina was gen- + 
tly peeled from the RPE and small, 5- to 
10-mm? pieces (either 4 X 3-mm squaresor 
a3-mm-diameter circle) were then cut from 
the RPE/choroid using a blade or 3-mm ` 
trephine, respectively. Pieces were laid on 
the liquid nitrogen-cooled surface of a — 
highly polished copper plate and were al- > 
most instantaneously hit with another sim- ` 
ilar surface. The device was built in the 
laboratory by welding copper blocks toeach — 
arm of a pair of metal laboratory tongs. The 
copper-tissue sanéwich was then plunged — 
into liquid nitrogen and the tissue was re- 
moved from the ccpper surfaces wit 
lon-coated forceps. Freeze dryi $ Le 
complished (in a vacuum evaporator) over: ao 
2- to 3-day period at low temperature, as 
recommended by Edelmann.’ After drying, - 
tissues were exposed to anhydrous: acrolein. ws 
vapors for about 30 minutes. (Acrolein is. 
recommended for its icn retention proper- `- 
ties in EDX fixatives® and it adds stability 
to the tissue duringinfiltration.) After acro- = 
lein stabilization, tissues were placed di- 
rectly in epoxy resins (50/50 vol/vol mix- =- 
ture of LX-112 and Araldite 501, Ladd Re- < 
search Industries, Inc, Burlington, Vt). The “I 
resin was polymerized at 50°C overa 2-day 
period. oe 

Semithin (300- te 50€-nm) sections were i 
cut in a microtome (LKB Ultratome HD and. 
mounted on either nylon grids (x-ray spec- 
tra) or on formvar-coatad copper slot grids 
(fast x-ray maps). Sections were examined _ 
on a scanning transmission electron micro- - 
scope (Hitachi H-7000, Hitachi Ltd, Tokyo, 
Japan) and areas of interest were analyzed _ : 
and their images digitized and storedinan — 
EDX unit (Kevex Delta V). Background 
spectra were recorded from adjacent areas 
of clear plastic to determine artifact peaks > 
or exogenous ions introduced by the em- — 
bedding resin. X-ray mapping allowed the 
point-to-point analysis and localization: of 
up to 16 given atomic weight species simul- ae 
taneously along with a. digitized i image of 












the section being scanned. “Fast x-ray map- 
ping” software and hardware (Kevex Corp) 
allowed the acquisition of elemental maps 
in less than 30 minutes each. X-ray maps 
and digitized images were photographed 
directly from the color monitor using a 
standard 35-mm camera. 


RESULTS 


A typical section from a specimen 
prepared as described is presented in 
Fig 1. This method of eryofixation 
allows for relatively good tissue pres- 
ervation: most organelles can be 
recognized, although the lack of con- 
ventional fixation, osmication, and 
poststaining results in a significant 
reduction in resolution, particularly of 
membranes. In one pair of 90-year-old 
eyes, many RPE melanosomes were 
surrounded by small electron-dense 
deposits. These deposits were not seen 
in any of the other eyes examined and 
will be discussed later. 

Representative x-ray energy spectra 
for various organelles and cellular re- 
gions of eyes are presented in Fig 2. 
Most regions examined contained sul- 
fur as the principal ion species because 
EDX cannot detect x-rays of elements 
under the atomic number of sodium 
(such as carbon, hydrogen, oxygen, ni- 
trogen) due to absorption of their low- 
energy x-rays by the window of the 
detector. Phosphorus is also found in 
virtually every structure examined, 
but it was particularly high in the nu- 
clei of all cells (Fig 2, a). Melanin 
granules (Fig 2, b) contained promi- 
nent peaks for zinc, copper, calcium, 
and iron, in addition to the prominent 
sulfur peak. Both lipofuscin (Fig, 2, c) 
and cytoplasm (not shown) were found 
to contain only small amounts of sul- 
fur and phosphorus. Drusen were iden- 
tified in virtually every eye in the cur- 
rent study. Most drusen contained only 
sulfur and phosphorus. However, 
when small, crystalline, or electron- 
dense inclusions were seen within a 
druse, x-ray energy peaks characteris- 
tic of calcium and phosphorus (Fig 2, d) 
were identified. 

Six of the eight eyes had aluminum 
in the RPE and in Bruch’s membrane. 
Aluminum was in the highest concen- 
tration in small dense inclusions 
within the RPE basement membrane 
or within drusen but was also present 
in RPE cytoplasm, melanosomes, and 
nuclei and within drusen. An alumi- 
num peak can be seen in several spec- 
tra shown in Fig 2. 

Background spectra were sampled 
from areas of the plastic immediately 
adjacent to the tissue. These were seen 
to have only the continuum of breaking 
radiation (bremsstrahlung), a promi- 
nent peak for chlorine, a small peak 
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Fig 1.—Electron micrograph of normal retinal pigment epithelium, taken from a specimen 
prepared as described. The specimen was not exposed to chemical fixatives and was not osmi- 
cated or stained. High electron density is due to the thickness of the section. Typical organelles 
are readily identifiable as follows: N indicates nucleus; M, melanosome; L, lipofuscin body; B, 
Bruch’s membrane; and C, choriocapillaris. 


whose energy corresponded to that of 
the titanium k-line or barium m-line, 
and minor peaks for silicon and copper. 
Chlorine is a major ion in epoxy 
resins.” The titanium/barium peak is 
most likely an artifact that appears 
when spectra are recorded from sec- 
tions mounted on carbon-coated nylon 
grids (Bio-Prep Chart, EG&G ORTEC, 
Oak Ridge, Tenn). The silicon peak is 
probably due to silicon in the detector, 
and copper is present in the specimen 
holder and stage. Therefore, we can 
assume that any or most of the chlo- 
rine, titanium/barium, and silicon 
peaks in our spectra are largely arti- 
factitious. Although a portion of the 
copper peaks in tissue sections is due to 
artifact, the copper peak from melanin 
is several times the height of that re- 
corded from background plastic. 

The EDX unit can also perform a 
point-by-point analysis across a spec- 
imen as it searches for ions whose 
x-ray energy windows the computer 
has been instructed to localize. This 
technique is called x-ray mapping. Typ- 
ical x-ray maps are shown in Fig 3 for 
the area of the section shown in Fig 3, 
a. This specimen had small, electron- 
dense inclusions along the basement 
membrane of the RPE cell and within 
several drusen. The nucleus indicates 
high levels of phosphorus (Fig 3, b), 
confirming the spectral analysis in Fig 
2, a. Regions of the section having high 
levels of sulfur (Fig 3, ¢), zine (Fig 3, d), 
and calcium (Fig 3, e) were localized 
primarily in the melanosomes. As this 
pair of eyes was found to have energy 
peaks characteristic of aluminum in 
melanosomes, in the small, dense in- 
clusions, and in other structures, we 
developed an x-ray map for this ele- 
ment (Fig 3, f). High aluminum levels 
localized to these same structures. 


One pair of 90-year-old eyes had 
small electron-dense deposits sur- 
rounding many of the RPE melano- 
somes (Fig 4, a). When the electron 
beam was focused over these, the re- 
sulting energy spectrum appeared as 
that presented in Fig 2, f. The spec- 
trum contained prominent peaks in 
the 11- to 14-keV range. These peaks 
correspond to the K-peaks for sele- 
nium and the L-peaks for mercury. 
L-peaks for selenium and M-peaks for 
mercury were also recorded in the 
low-energy range of the spectrum, in- 
dicating that the deposits can be con- 
clusively identified as containing sele- 
nium and mercury. This finding was 
confirmed by the x-ray mapping mode 
(Fig 4). 


COMMENT 


X-ray microanalysis is an ideal 
method for analyzing tissues to iden- 
tify their ionic content. Its chief ad- 
vantages include the ability to (1) di- 
rectly view the particular structure 
being analyzed; (2) analyze small sam- 
ple sizes; (3) have multiple studies us- 
ing serial sections (one for EDX 
analysis while adjacent sections for 
examination are studied by other tech- 
niques, such as immunocytochemistry 
or histochemistry); (4) detect minute 
changes in ion concentrations (as low 
as 100 ppm),’® under various physio- 
logical conditions; and (5) perform 
quantitative analysis. The method of 
“slam-freezing” between cryogen- 
cooled copper plates has been used 
satisfactorily for years. The impact of 
the block on tissue does not disrupt ul- 
trastructure because propagation of 
freezing is faster than propagation of 
the mechanical shock wave.'' In gen- 
eral, excellent structural preservation 
can be achieved up to a depth of 50 um 
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Fig 2.—Representative x-ray spectra from organelles or regions in or around the retinal pigment epithelium. 


from the cryagen surface. Generally, 
the ideal preparative technique for 
microanalysis of sections is with 
freeze-dried cryosections.'''* However, 
the nature of that method makes it 
technically difficult to obtain consis- 
tent results, the morphologic features 
are generally poor, and the specialized 
equipment required to cut thin cryo- 
sections is expensive. An alternative 
method is the plastic infiltration of 
freeze-dried tissue blocks that have 
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been flash frozen.”'? Although this 
method may allow for some leaching or 
redistribution of ions during polymer- 
ization of the resin, the advantages 
outweigh the disadvantages unless 
highly precise quantitative results are 
required. 

Energy-dispersive x-ray analysis 
has been used in other studies on the 
RPE. Panessa and Zadunaisky* ana- 
lyzed calcium reservoirs in ocular tis- 
sues and reported that cells containing 


pigment granules (iris, RPE, choroidal 
melanocytes) sequester calcium under 
physiological conditions. They esti- 
mated that melanosomes contain up to 
10 times more calcium than adjacent 
cytoplasm in pigmented ocular tissues 
but not in pigmented cutaneous tissue. 
A later report by these authors veri- 
fied the high calcium content of mel- 
anosomes, determined that the RPE 
and choroid contain high levels of zine 
and copper, and that zinc levels are el- 
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Fig 3.—X-ray maps of a retinal pigment epi- 
thelial cell whose digitized image is seen in part 
a. Note the basal border is toward the top of the 
micrograph and along it are small electron- 
dense inclusions (arrowhead). The cell nucleus 
(N) lies in the right lower corner of the micro- 
graph. Many melanin granules (M) are seen 
within the cell. b, X-ray map for phosphorus. It 
is seen in the highest concentration in the nu- 
cleus (N). c, Map for sulfur, localized through- 
out the cell but highest in melanosomes. d, The 
map for zinc shows this element highest over 
melanosomes. e, Calcium also localizes pri- 
marily to melanosomes. f, X-ray map for alumi- 
num. In this eye, x-ray spectra showed a sig- 
nificant aluminum peak over melanosomes, 
nuclei, and cytoplasm. Aluminum was particu- 
larly high over the inclusions in the basal area 
(arrowhead) in the drusen. 


evated in RPE of donors having anoxic 
encephalopathy and hypoplastic heart 
disease.'* Using x-ray microprobe 
analysis, Samuelson et al’ reported a 
decrease in metal content in the RPE 
with advancing age in normal sheep 
and a precocious drop in metal ions in 
animals suffering from ovine ceroid 
lipofuscinosis. In a pilot study, 
Ulshafer’® found that zinc levels in 
melanosomes of degenerating human 
RPE cells were lower than in normal- 
appearing RPE cells in the same ret- 
ina. Ulshafer et al'’ used EDX to de- 
termine the chemical composition of 
drusen in the scanning electron micro- 
Figure 3 ne ctee a 
In this study, localization and dis- 
tribution of sulfur, phosphorus, zine, 
copper, calcium, and iron were consis- 
tent in the RPE of all specimens ex- 
amined. Three of the four pairs of eyes 
had distinct aluminum peaks in RPE 
cells and in Bruch’s membrane. Be- 
Figure 4 cause aluminum mapped in a discrete 
pattern in melanin granules and was 
highest in dense deposits along the 
basal border of RPE cells, and because 
it was not seen in appreciable amounts 
in the background spectra, we believe 
that the peak is not artifactitious, due 
to aluminum in the electron micro- 
scope column or in the EDX detector. 
It is possible that aluminum from en- 





Fig 4.—X-ray maps of a nonchemically fixed, 
unstained melanin granule from a 90-year-old 
patient. a, The digitized image of the melano- 
some shows it to have many small electron- 
dense inclusions associated with it. b, Map for 
zinc shows this element occurs in high con- 
centration in the melanosome. c, Map for sele- 
nium localizes it to the small inclusions. d, 
Double map for mercury x-rays. The blue pix- 
els correspond to M-lines and the yellow pixels 
to the L-lines. Where both M-line and L-line en- 
ergies overlap, the pixel appears white. This 
map shows mercury to be associated with the 
small, dense inclusions. The arrowheads point 
to the same two inclusions in a, c, and d. 





116 Arch Ophthalmoi—Vol 108, January 1990 Retinal Pigment Epithelium —Ulshafer et al 





a -vironmental factors (eg, dietary 
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ed in a Paar of deren iate 
ucing syndromes. These include 
\Izheimer’ $ disease,'*?? Down’s syn- 
‘drome parkinsonism-dementia,"” 
~-amyotrophie lateral sclerosis,” renal 
failure dementia,” dialysis encepha- 
~~ lopathy,” and normal human aging.” 
_ Aluminum deposition in neural tissue 
has ‘slot! inte shia in an animal 





pa pair əf the 90-year-old eyes in 
= his study was unique in that small, 
=: electron-dense deposits were seen 
-` around many of the melanin granules 

- of the RPE. These deposits were rich in 
mereury and selenium. Although the 

. patient’s medical records provided no 
clinical evidence of heavy metal poi- 
soning, it is possible that low levels of 

both mercury and selenium were di- 
_etary er were in the patient’s environ- 
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ment at some time during his life. 
(This patient lived in Gulfview, Ala, 
and fish and shellfish in the Gulf of 
Mexico have frequently been found to 
contain high levels of mercury and se- 
lenium.) 

It is not surprising that selenium 
colocalized with mercury in the small 
deposits around melanosomes, since 
direct binding of these two metals oc- 
curs in both experimental and natural 
conditions. Selenium can detoxify 
methylmercury, the biologically active 
form of the heavy metal,” ” although 
the exact way that this occurs is un- 
known. Levander and Argrett” re- 
ported that concentrations of selenium 
in blood, kidney, and spleen become el- 
evated during mercury intoxication. 
Ganther et al”! also noted a direct re- 
lationship between levels of selenium 
and mercury in fish. The richest di- 
etary source of selenium is seafood, 
and selenium is known to accumulate 
over time in certain tissues, such as 
hair.” The ultimate sources of both se- 
lenium and mercury in contaminated 
foodstuffs are pesticides and herbi- 
cides, but both metals are concen- 
trated as one moves up the food chain. 

One of the many functions of the 
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Typhoidal Tularemia 





Fig 2.—Fundus appearance in the left eye reveals one superficial ret- 
inal infiltrate (arrow) without macular involvement. 





Fig 1.—Fundus appearance in the right eye reveals deep retinal hem- 
orrhages (small arrows), roth spots (bottom, curved arrows), superficial 
perivascular, retinal infiltrates (top, curved open arrows), and a sub- 
foveal inflammatory focus with radiating striae (bottom, straight open 
arrows). 





Fig 3.—Fluorescein angiography in the right eye shows scattered foci 
of hemorrhages. The subfoveal lesion did not stain. 
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ar-ol man developed meningitis, 
patitis, and bilateral pulmonary in- 
tes requiring mechanical ventilation. 
esults of a laparotomy and open lung 


iella r was ae at ty- 

hoida! tularernia. There was no history of 
` ownanimal ar tick exposure. 

-Twodays after the operation, the patient 

was referred with “blurry vision.” His vi- 

val acuity was 20/200 OD and 20/30 OS. 

endas examination in the right eye 

d. numerous deep retinal hemor- 

upesficial retinal infiltrates along 

asel gand roth spots. A pale, sub- 

i; lanerstory focus with radiating 

: trias was observed Pig n The 


“involvement fag 5 Fluorescein 
g graphy s showed bilateral hyperfluo- 
escence of tE esoptic nerves with scattered 
- 3 Taages in the right eye. The 

-_subfoveal lesa did not stain (Fig 3). 
<: A ecemplete systemic recovery was ob- 
< served following gentamicin sulfate and 
i tetracycline Þbrdrochloride therapies. A 
_ dramatic imprevement in visual acuity and 
fundus appearance occurred, resulting in 
wal acuity of 20720 OU and normal- 

g fusd 


COMMENT 


emia, an acute febrile illness 
lue te F tuiarensis, is transmitted to 
nebo Rake vectors 


ndt iromes. Localization of the 
s is clinically apparent 
landular form, while an 
vious inflammatory le- 
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sions is characteristic of typhoidal 
tularemia.’ Oculoglandular tularemia, 
the only known ophthalmic manifes- 
tation of tularemia, is an unusual man- 
ifestation of ulceroglandular disease 
and presents as Parinaud’s syn- 
drome.*? We are not aware of other re- 
ported retinal or ophthalmic compli- 
cations of tularemia. 

Although this patient was anemic, a 
superimposed thrombocytopenia was 
not evident. It is therefore unlikely 
that anemia alone could have ac- 
counted for these retinal hemor- 
rhages.’ Given a history of bacteremia 
with multiorgan involvement, the ocu- 
lar features in this case are most rep- 
resentative of an endogenous, infective 
retinitis. 

DENNIS M. Marcus, MD 
ALBERT R. FREDERICK, JR, MD 
TERI Hopces, MD 

J. DAVIS ALLAN, MD 

DANIEL M. ALBERT, MD 
Boston, Mass 
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photographs for this report. 
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Surgical Techniques 


T} e Medial Tarsal S 


-@ Medial canthal malpositions and 
yarked medial ectropion due to laxity, 
carring; or trauma can be difficult to cor- 
ect. Medial canthal tendon plications 
ave been advocated but they do not 
chieve adequate posterior and medial 
“placement of the medial canthal angle and 
y lack permanence. One of us (R.L.A.) 
as -developed a surgical technique for 
orrecting these problems that is a modi- 
cation of the lateral tarsal strip proce- 
dure used to correct lateral canthal tendon 
jaxity and malposition. The medial tarsal 
‘strip procedure repositions and tightens 
‘the. medial lower or upper eyelid, estab- 
lishing anormal anatomic appearance. Its 
se is indicated in cases of medial canthal 
malposition or marked medial ectropion 
associated with a nonfunctioning canalic- 
ular system or in those cases in which loss 
‘of function of a patent canaliculus is ac- 
eptable or desirable. The advantages of 
‘the medial tarsal strip are as follows: (1) 
‘surgery is directed at the site of the de- 
fect; (2) recurrence of canthal tendon lax- 
ity and elongation is avoided; (3) a more 
medial and posterior positioning of the 
medial eyelid can be obtained; (4) any 
mount of eyelid laxity can be corrected 
multaneously; (5) the almond-shaped 
canthal angle is preserved or reestab- 
lished; and (6) the procedure is fast and 
easily performed. 

(Arch Ophthalmol. 1990; 108:120-124) 








i fost cases of eyelid laxity and non- 
~= cicatricial ectropion are due to 
lateral or medial canthal tendon 
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(MCT) laxity or elongation. Several 
procedures, such as the lateral canthal 
sling procedure? and the tarsal strip 
procedure,** are effective techniques 
that tighten lax eyelids and repair 
many eyelid malpositions. In the can- 
thal sling, the lower crus of lateral 
canthal tendon is brought through the 
tendon itself and reanchored to the or- 
bital rim. In the tarsal strip procedure, 
the lateral tarsus is anchored to peri- 
osteum inside the lateral orbital rim. 

Both techniques are also useful in 
treating eyelid laxity associated with 
facial palsies or anophthalmic 
sockets. The underlying anatomie de- 
fect is corrected, maximum amounts of 
tarsal plate, conjunctiva, and baseline 
tears are preserved, canthal malposi- 
rected simultaneously, and the al- 
mond-shaped canthal angle is pre- 
served. 

Most tarsal strip procedures have 
been performed at the lateral canthus. 
The MCT, which is a stronger tendon, 
may also become lax and thus could be 
a factor in lower eyelid laxity and me- 
dial ectropion. The problem of correct- 
ing MCT laxity and medial eyelid mal- 
position is complicated by the normal 
anatomy, particularly the lacrimal ap- 
paratus, which can be difficult to pre- 
serve or reconstruct. 

The MCT has two heads: one deep 
and one superficial. The deep portion is 
the thinnest and runs behind the lac- 
rimal fossa to attach to the posterior 
lacrimal crest. The superficial portion 
is much thicker and lies anterior to the 
lacrimal fossa. It is formed by fusion of 
a superior crus from the upper eyelid 
orbicularis and an inferior crus from 
the lower eyelid orbicularis. This com- 
mon tendon adheres to the frontal 
process of the maxillary bone on the 
anterior lacrimal crest; a branch of the 


tendon attaching more superiorly may 
also be present in many patients.* Di- 
rectly beneath the anterior portion of 
the MCT is the lacrimal canaliculus.’ 
Surgical reconstruction of the medial 
canthal area and correction of marked 
medial ectropion invelves a thorough 
knowledge of normal eyelid anatomy 
and can be challenging. 

Several plication procedures will 
tighten the MCT. While all are use- 
ful, we have observed that most pa- 
tients require greater tightening and 
posterior positioning than a canthal 
tendon plication can provide. 

One of us (R.L.A.) has developed a 
medial tarsal strip procedure that can 
be used in many types of medial can- 
thal malpositions, including traumatic 
deformities, displacements of the me- 
dial canthus, MCT laxity, marked me- 
dial ectropion, some cases of cicatricial 
ectropion in combination with skin ~ 
flaps or grafts, seventh nerve palsies 
with lower eyelid laxity-associated 
nonfunctioning lacrimal pump and 
corneal exposure, anophthalmic eyelid 
malpositions, congenital malforma- 
tion of the medial canthus, and follow- 
ing surgical removal of the medial 
eyelid for tumors. We have used this 
procedure in 48 patients during the 
past 8 years and have found it to be 
useful in the selected conditions noted 
above. In all of our patients, the in- 
volved lower canaliculus was either 
scarred, damaged, patent but associ- 
ated with an absent lacrimal pump, or 
it was desirable to reduce tear outflow __. 
due to dry eyes or exposure keratitis, 
which are commonly associated with 
medial eyelid deformities. 


REPORT OF A CASE 


A 34-year-old man was referred to us 
many years after an injury to the left me- 
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dial canthal avea. The initial injury was re- 
paired but it left him with medial lower 
eyelid retraet-on and corneal exposure. He 
had undergore several secondary medial 
eyelid procedures, including a retroauricu- 
lar skin gra‘t and a Jones tube procedure. 
However, he eentinued to have medial can- 
thal deformity, exposure, and tearing (Fig 
1). His eyelid was repaired with a medial 
tarsal strip using the following technique. 


SURGICAL TECHNIQUE 


The subcuteneous tissues in the medial 
canthal area and medial lower eyelid are 
injected with 2% lidocaine hydrochloride in 
combination with 1/100000 epinephrine. 
We recommen: that the surgeon also place 
local anesthesia on the lacrimal crest and 
subconjunctival tissues to ensure adequate 
patient comfort. 

The first sep in the medial tarsal strip 
procedure is tə carry out a full-thickness 
vertical eyelid incision, 4 to 5 mm in height, 
at themedia aspect of the tarsal plate, dis- 
inserting the remaining lower crus of MCT 
from the tamal plate (Fig 2). Scar tissue 
and/or fibrotie tissues medial to the cut 
edge of tarsus are excised above the medial 
canthal tendon insertion or periosteum 
where the strip will eventually be attached. 
In patients with a shortage of skin, no skin 
or a minima. amount of skin is removed. 
Although the angular vessels are only 
slightly more medial, we have not found 
them to be a problem, and bleeding is usu- 
ally easily coatrolled with bipolar cautery. 

Using scissors, the conjunctiva and lower 
eyelid retraciers are severed at their at- 
tachment to tne lower aspect of tarsal plate; 
the cut extends some 3 to 4 mm in length 
(Fig 3). In the original description of the 
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lateral tarsal strip procedure, the eyelid 
was split into an anterior and posterior 
lamella by dissecting a plane between the 
orbicularis and tarsal plate (separating an- 
terior and posterior lamella).’ This step is 
omitted in the formation of a medial tarsal 
strip and is seldom required in the lateral 
tarsal strip as well.'' We have found that 
leaving orbicularis and skin attached to 
tarsal plate simplifies the operation, avoids 
sacrificing skin, strengthens the tissue, and 
allows the anterior and posterior lamella to 
be attached to the periosteum and held 
more posteriorly. In the medial canthus, the 
operation is frequently performed in pa- 
tients in whom there is a shortage of medial 
lower eyelid skin. Therefore, this modifica- 
tion obviates the need for skin removal. Any 
scar tissue or traction bands in the anterior 
or posterior lamella are undermined and 
freed from traction on the tarsal strip. 
The tarsal strip is then grasped with tis- 
sue forceps, and a No. 15 Bard-Parker blade 
is used to scrape conjunctiva from the tip of 
the tarsal strip (Fig 4, bottom left). Clean- 








7 
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ing of the epithelium is important to obtain 
a firm union. Scissors are used to excise the 
mucocutaneous leyer at the eyelid margin 
from the tarsal strip (Fig 4, bottom right). 
Thus, the tarsal strip consists of tarsus, or- 
bicularis, and skin. 

A 4-0 polyglactin 910 suture on a small, 
strong, half-circle needle is used to attach 
the tarsal strip to the periosteum at the 
frontal process of the maxilla or the inser- 
tion of the MCT (Fig 5); a permanent suture 
on a small, strong, half-circle needle may 
also be used. The suture is passed through 
the full-thickness strip (skin, orbicularis, 
tarsus). After firmly engaging the perios- 
teum or insertion of the MCT with the nee- 
dle, it is brought out through the medial 
skin. By tying the suture over the skin, 
rather than only ceeper structures such as 
tarsus, the orbicu aris and skin are pulled 
as posteriorly as possible to help approach 
the normal sharp medial canthal angle ap- 
pearance and avoid any hooding of skin (Fig 
6). 
Ideally, the surgeon should try to attach 





Fig 1.—Medial aspect of left lower eyelid is still displaced downward following several previous 
medial canthal reconstructions. Note earlier skin graft seen medially. 


Fig 2.—Full-thickness eyelid incision is 
made at the medial especet of tarsal plate to 
free the eyelid in this area, and scar tissue 
and tissue overlying the-:desired point of in- 
sertion of the cut edge of tarsus are ex- 
cised. 
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Fig 3.—Conjunctiva and lower eyelid re- 
tractors are disinserted from the tarsus and 
surrounding scar tissue is undermined to 
allow more mobility of this portion of the 
eyelid. 





Fig 4.—Left, Epithelium is scraped away from 
conjunctiva over tarsa! plate. Right, The myo- 
cutaneous eyelid margin is snipped away with 
scissors. 
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Fig 5.—A 4-0 polyglactin 910 suture is 
passed through the medal tarsal strip, then 
through the stump of the medial canthal 
tendon or the periosteum of the frontal pro- 
cess of maxilla to reattach the eyelid. 


Fig 6.—Six months postoperatively, the lower 
eyelid is in good conditien. 








Fic 7 —Left, Patient with bilateral seventh nerve palsy with associated lower eyelid retraction and medial ectropion. nonfunc- 
tioning lacrimal pump and canalicular system, and chronic exposure keratitis. This patient had undergone several 2arlier re- 
consaructive procedures, including numerous bilateral eyelid shortenings. Right, Same patient 2 months after medial tarsal 
strip procedure. Note that eyelids are in a much more natural position, and exposure keratitis has greatly improwed. 


Fic & —Left, Patient following tumor removal in medial canthus. Medial tarsal strip procedures were done on upper:and lower 
eyelds. A lack of periosteum medially required the use of a piton screw. Right, Same patient at 6 months after surgery. 





Arch Cphthalmc!—Vol 108, January 1990 Medial Tarsal Strip—Jordan et al 123 





the 4 4-0 mature to the frontal process of the 
maxilla just posterior to the insertion of the 
‘MCT. If the lacrimal sac is still present with 
a patent superior canalicular system, the 
‘surgeon must avoid placing a suture around 
the common canaliculus or superior canali- 
cular system. If the patient does not have a 
patent canaliculus or lacrimal sac, we rec- 
mmend placing the suture as far posteri- 
as. 


‘Some patients will have a patent but 
nonfi inctioning | inferior canalicular sys- 
‘tem, ; as in a seventh nerve palsy associated 
ith eyelid laxity and nonfunctioning lac- 
imal pump, patients with severe medial 
eyelid. malposition, or patients with severe 
dry eyes in whom the canaliculus has been 
‘occluded with plugs. In selected patients 
with eyelid laxity, particularly if the pa- 
dent. has exposure and dry eyes, surgeons 
may desire to perform a medial tarsal strip 
procedure rather than a lateral tarsal strip 
‘procedure to simultaneously tighten the 
‘eyelid and decrease tear outfiow. With the 
medial tarsal strip, it is necessary to sacri- 
fice the inferior canalicular system, leaving 
only the superior iain (Fig 7). Jones and 

































tract upper ovelias. 
- Ifthe medial tarsal strip is anchored into 
-the periosteum and the eyelid is too tight, as 
may occur following trauma or tumor re- 
‘moval, the surgeon can perform a lateral 
canthotomy and cantholysis to allow me- 
dial movement of the remaining eyelid. 
In those instances in which the patient 
has 1 no periosteum at the medial wall (as 
‘may be the case following removal of a ma- 
lignant neoplasm), the use of a wire placed 
in the bone or a Callahan canthal avulsion 
serew (piton) can be valuable.’ These pitons 
are attached to solid bone in the posterior 
lacrimalcrestarea. Thetarsal stripcan beat- 
‘tached to the screw or wire in the same man- 
ner as if periosteum were present (Fig 8). 
_ In those traumatic cases where the bone 
is missing, a transnasal wire technique can 
‘be used to attach the tarsal strips.” In cases 
where both canaliculi are absent before 
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surgery, a Jones tube procedure can be per- 
formed following canthal and eyelid repo- 
sitioning. A well-formed medial pocket is 
created to accommodate the Jones tube. 


COMMENT 


Stasior® and others?" have described 
plicating the MCT for medial ectropion 
associated with eyelid laxity. This isa 
good technique for those persons in 
whom a functional lower canaliculus is 
present, and it is desirable to try to 
preserve it. Tendon plication shortens 
the affected eyelid suspensory struc- 
tures, helps invert the ectropic punc- 
tum, and helps restore anatomic and 
physiologic relations. However, 
canalicular kinking may occur, and 
canalicular injury is possible with this 
procedure. It is questionable how 
many lower canaliculi are functional 
following a large MCT plication. It is 
also difficult to place the medial can- 
thus as posterior and medial as desired 
with this technique. 

In those patients with medial can- 
thal malpositions associated with 
scarring, disruption of normal con- 
tour, ectropion, and nonfunctional 
canaliculi, or those patients in whom 
occlusion of one canaliculus is desir- 
able, we have found the medial tarsal 
strip to be an excellent technique (Fig 
7). When a cicatricial component is 
present, the anterior lamella shorten- 
ing can be corrected with the combined 
use of a transpositional skin graft or 
Z-plasty.’ 

We have used the medial strip pro- 
cedure in 48 patients with various me- 
dial canthal abnormalities. The results 
have been judged to be good to excel- 
lent in all but four patients. Many were 
difficult cases of patients having un- 
dergone previous medial canthal re- 
pairs using other techniques with re- 
currence of the defect. Two of the pa- 
tients with poor results were 
reoperated on with good results. The 
other two patients did not desire fur- 
ther surgery. 

Complications with this procedure 
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are few. The primary complaint is ten- 
derness in the medial canthal region 
due to the presence of the 4-0 polygla- 
ctin 910 suture, which remains in place 
for approximately 6 weeks. Once this 
absorbs or is removed, the associated 
tenderness abates quickly. A pyogenic 
granuloma occurred in two patients, 
but these were removed by simple ex- 
cision in a minor surgery room. 

It is not unusual to have a small gap 
medially between the eyelid and the 
conjunctiva, but this gap is less than 
with alternative techniques. The cos- 
metic outcome was acceptable in all 
patients. 

The only major disadvantage of this 
technique is that it may require the 
sacrifice of patent canaliculus. This is 
contrary to our usual philosophy of 
trying to preserve a patent canaliculus 
whenever possible. However, we have 
found that even the patients requiring 
sacrifice of a patent canaliculus with 
this procedure have had less epiphora 
after the procedure owing to improved 
eyelid position and an overall improve- 
ment of their symptoms. 

The advantages of the medial tarsal 
strip technique are as follows: (1) sur- 
gery is directed at correcting the de- 
fect; (2) recurrence of canthal tendon 
laxity and elongation is avoided since 
medial canthal tissues are placed more 
posteriorly and permanently; (3) a 
Jones tube can be easily supported in 
the medial canthus if necessary; (4) al- 
mond-shaped canthal angle is pre- 
served; (5) it is a powerful operation 
that can be performed easily and 
quickly; (6) it can be combined with 
other procedures such as flaps or 
grafts; (7) it delivers good, predictable _ 
results; and (8) it is useful in patients | 
with a scarred, severely distorted me- 
dial canthus where other procedures 
have failed. 
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=o o @ A simple and reliable technique for 
"permanent tarsorrhaphy is described that 
¿o has many advantages over previously re- 
-O ported technieues. It produces a stable 
and permanertt lid adhesion without the 
se of nonabsarbable sutures or bolsters 
equire removal, and it can be opened 
me without lash loss, trichiasis, 
nalization of the lid margin, or scar- 
the anterior lamella. 
arch Ophthalmol. 1990;108: 125-127) 















P artial surgical closure of the eyelids 
=o provides added protection to the 
= diseased cornea and reduces corneal 
exposure in cenditions such as trophic 
> wleeration and seventh- or fifth-nerve 
© palsies. Wher a tarsorrhaphy is indi- 
- cated, the opkthalmologist has a vari- 
ety of techniques from which to choose, 
ie Ae, tape’ or glue? for a noninvasive 
mporary closure, and catgut,’ silk,** 

nd nylon’ sutures for tem- 
ture closure. Alternatively, 
ry paralysis of the levator 
ulinum toxin A can create a 
rot: e ptosis.ë Many authors advo- 
ite using sutures through the tarsal 
< plates, whick are then exteriorized 
over bolsters af various materials such 
as ¢ cotton’ or plastic.® A portion of the 
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John F. Stamler, MD, PhD, David T. Tse, MD 


le and Reliable Technique for 


manent Lateral Tarsorrhaphy 


opposing lid margins can be excised 
and allowed to heal together if a per- 
manent closure is desired. Nonab- 
sorbable sutures must be removed in 1 
to 2 weeks, which may not be long 
enough to form a secure union, poten- 
tially leading to lid separation. Com- 
bination techniques using both buried 
sutures and exposed bolsters have 
been advocated.’ More extensive sur- 
gical procedures have been reported 
that mobilize a portion of anterior or 
posterior lamella of one lid and move it 
to the opposing lid." 

Each method has disadvantages. 
Tape and glue are temporary and must 
be replaced if the condition warrants 
extended closure. Exteriorized sutures 
can pull apart, loosen, or erode through 
the lid margin. Bolsters are unsightly, 
can loosen or fall off, and macerate the 
underlying skin. Excision of full-thick- 
ness lid margin or mobilization of a 
tissue flap scars the lid and may lead to 
marginal entropion, lash misdirection 
and loss, and epidermalization if the 
tarsorrhaphy is reopened. 

We describe a simple, permanent 
tarsorrhaphy technique that does not 
require bolsters or sutures that need to 
be removed. It preserves the integrity 
of the anterior lamella, minimizing the 
potential problem of lid margin irreg- 
ularity. In a few patients in whom the 
tarsorrhaphy had to be opened, the 
margins of the posterior lamellae epi- 
thelialized normally without cosmetic 
or dysfunctional sequelae. 


METHOD 


. The temporal portions of the upper and 
lower lids are anesthetized with a subcuta- 





























neous injection of 2% eX 
with 1:100000 dilutior “of jhe 
While the eyelid is gently graspe 
bilized with a nontoethed fo 
pendicular to the lid margi 
and posterior lamellae are 
gray line by passing a No. 1 
blade 2 to 3 mm deep alon t t 
surface of the tarsal plate. Carei is take 
to incise into the tarsal plate. Occasion 
the anatomic landmarks of the lid margin. 
(gray line and meibomian gland orifices, 
are indistinct. The tarsal plate can be. 
readily identified by gently squeezing the 
lid margin with a smooth forceps and look- 
ing for the oily secretion.at the meibomia 
gland orifice. The gray line is located. just 
anterior to the meibomian gland openings. 
The length of the horizontal incision. de- 
pends on the amount of lid adhesion de- 
sired. Typically, union of the temporal third 
of the eyelid affords excellent corneal pro- 
tection and still allows am adequate medial- 
fissure opening for vision. An identical hor= 
izontal incision is performed in the fellow 
eyelid. 

The mucous membrane at the margin of 4 
the posterior lamella i is grasped with. a 0. a 








cott scissors to expose the edge of the tar: i 
sal plate. Care is taken to ensure that thè 
cut tarsal edge is smeoth and minimal tar- 
sus excised. The mucous membrane cover- 
ing the opposing tarsal pate margin is ex- 
cised in the same fashion. A 

After both tarsal plates are ael a KBE 
0 polyglactin (Vieryf) suture on a spatula c 
needle is passed through the tarsal plates in 
a lamellar fashion (Fig 1). The needle enters . 
through the anterior tarsal surface 3 mm 
from the edge and exits at the level of the. 
meibomian gland opening at the margin of- 
the posterior lamella. It is imperative that. 
the suture is not passed full thickness 
through the tarsal plate where it could 
abrade the cornea. Three c or four additional. = 
sutures are passed i in the same fashion. Al 
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Fig 1.—A 5-0 polyglactin (Vicryl) suture on a spatula needle is passed into the anterior tarsal plate 
and exits the lid margin at the level of the meibomian gland orifice. The suture is then passed into 
the margin of the opposing tarsal plate and exits through the anterior surface of the tarsal plate. 


Four or five interrupted sutures are placed. 





Fig 2.—After all posterior lamellar sutures are placed, they are tied with a double knot, followed 
by two single knots. Note that the sutures do not extend through the posterior tarsal plate. 
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Fig 3.—A 7-0 polyglactin (Vicryl) running suture is placed with short bites between the lash line 
and the wound to approximate and slightly evert the anterior lamellar wound edges. The running 
suture extends from the medial aspect of the tarsorrhaphy (the lateral limbus of the eye in primary 


position) to the lateral canthus. 


sutures are then tied with a double knot, 
followed by two single knots. All suture 
knots are located on the anterior tarsal 
surface and the ends are trimmed short 
(Fig 2). 

The edges of the anterior lamellae are 
slightly everted with a 0.3-mm forceps and 
closed with a running 7-0 polyglactin su- 
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ture. Care is taken not to bury any lashes in 
the wound (Fig 3). At the conclusion of the 
procedure, topical antibiotic ointment is 
applied to the wound three times a day for 
a week. The upper and lower tarsal plates 
heal together in 4 to 6 weeks, forming a firm 
adhesion. If partial or complete opening of 
the tarsorrhaphy is desired, part or all of 


the lid adhesion can be opened easily with 
a scissors under local anesthesia. We have 
performed more than 50 operations during 
the last 3 years without encountering any 
wound separation, entropion, or other com- 
plications. 


COMMENT 


Lateral tarsorrhaphy is a useful pro- 
cedure that provides added protection 
to a diseased or exposed cornea. The 
ophthalmologist has a variety of tech- 
niques from which to choose. The var- 
ious methods can be categorized into 
four basic types with the simplest be- 
ing adhesive techniques. If a tarsor- 
rhaphy of short duration is intended, 
simply closing the lids using adhesive 
tape' or by gluing’ the lashes or lid 
margins together may suffice. How- 
ever, these procedures are usually ad- 
equate for only a few days. Glue tar- 
sorrhaphies may separate at any time 
as the outer skin desquamates or 
lashes fall out, often leaving a sharp- 
edged piece of glue on the lid margin 
that may abrade the cornea. Botuli- 
num toxin A injection into the superior 
orbit has been shown to induce a leva- 
tor paralysis that lasts for an average 
of 16 days in the majority of cases.° 
Full function returns gradually over 
an average of 8.5 weeks. The procedure 
can be repeated to extend the length of 
corneal protection. This method may 
be quite useful when a complete cover- 
ing of the cornea is desired for a num- 
ber of weeks. However, it appears to 
have some disadvantages. During the 
ptosis, vision is blocked by the lid. It 
cannot be reversed if the need for the 
corneal protection resolves. In some of 
the cases reported, a superior rectus 
paralysis was induced that lasted 
longer than the ptosis and resulted in 
a temporary vertical diplopia. 

A second more stable, but still tem- 
porary, lid closure can be achieved by 
passing sutures through the lids. This 
technique usually involves passing a 
double-armed suture through both lids 
and leaving a portion of the suture and 
knot exposed. Various suture materi- 
als have been advocated, including 
catgut, silk,*° Dacron,‘ nylon,’ or poly- 
propylene (Prolene).'° The principal 
advantage of the suture techniques is 
a longer-lasting and more secure clo- 
sure than can be obtained with adhe- 
sives, while leaving the lid margin 
largely undisturbed. A suture tarsor- 
rhaphy may be sufficient for up to 2 or 
3 weeks, but eventually it must be re- 
moved or replaced. 

The third type of tarsorrhaphy in- 
volves excising opposing upper and 
lower lid margins so they will scar to- 
gether and form a permanent adhe- 
sion. This is used in combination with 
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into anterior and posterior lamella. 
Anterior lamella from one lid is ex- 
cised, and anterior lamella from the 
opposing lid is advanced and sutured in 
place.° Alternatively, posterior 
lamella can be resected and the space 
filled with advancement of posterior 
lamella from the other lid." The 
“tongue and groove” method can be 
used where the tarsal flap of one lid is 
inserted between the lamellae of the 
other lid and then sutured in position. 
These extensive procedures produce 
permanent and secure adhesions. 
However, they cannot be reversed eas- 
ily. The lids cannot be separated with- 
out producing noticeable lid margin 
deformity. 
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Lateral tarsoreha; chy is a ate ) 
used procedure that gives added ri 
tection to a diseaseder exposed corne 
Many different variations have bee 
developed, each with its own advan- 
tages and disadvantages. The ideal 
technique would reliably effect a per- 
manent lid adhesion that could be re- 
versed easily without disturbing the 
normal lid architecture or function. 
Furthermore, it should be simple and 
quick to perform. without the need to 
remove sutures or bolsters. We believe 
that the procedure described. herein 
satisfies these conditions. — 
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_@ We have estimated the incidence of 
tinoblastoma in the United States from 
jata available from the Surveillance, Epi- 
demiology, and End Results program of 
he National Cancer institute, Bethesda, 
Md (1974 through 1985). The larger num- 
| er of cases available (220) compared 
“with those of previous US population- 
“based studies enabled us to evaluate 
"change in incidence over time and to more 
- precisely estimate incidence according to 
various demographic characteristics. The 
-incidence of retinoblastoma has been al- 
-most uniform from 1974 to 1985. The av- 
-erage annual incidence of retinoblastoma 
was 5.8 per million for children younger 
than 10 years and 10.9 per million for chil- 
“dren younger than 5 years. There was no 
‘difference in the incidence of retinoblas- 
_toma by either sex or race. The overall 5- 
-year cumulative survival rate was 91% 
(95% confidence interval, 87% to 95%). 
‘The data indicate a worsening survival 
“with increasing age at diagnosis, through 
age 2 years, but a less clear relationship of 
-survival with diagnosis beyond age 2 years. 
(Arch Ophthalmol. 1990;108:128-132) 


2 etinoblastoma, although rare, is 
‘the most common intraocular tu- 
mor of childhood.’ The Third National 
Cancer Survey estimated that from 
969 to 1971 the annual incidence of 
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Epidemiology and Biostatistics 


he Incidence of Retinoblastoma in the 
United States: 1974 Through 1985 


Ashlesha Tamboli, MD, PhD; Marvin J. Podgor, MS; John W. Horm, MSc 


retinoblastoma in the United States 
was 11 new cases per million children 
younger than the age of 5 vears.* Pen- 
dergrass and Davis,' using 1974 to 1976 
data from the Surveillance, Epidemi- 
ology, and End Results (SEER) pro- 
gram of the National Cancer Institute, 
Bethesda, Md, reported an incidence 
rate of 11.02 cases per million children 
younger than 5 years of age and 3.58 
cases per million children younger 
than 15 years old. The prevalence of 
retinoblastoma has been reported to 
differ by racial groups. Unilateral 
retinoblastoma occurs more than 
three times as often as bilateral 
disease.' Laterality, age at diagnosis, 
race, and sex have been implicated as 
prognostic factors for longevity among 
children with retinoblastoma.’ 

Pendergrass and Davis’ studied data 
from the 70 patients with retinoblas- 
toma registered from the beginning 
(1973) of the SEER program through 
1976. The SEER program incidence 
data are available through 1985. Fol- 
low-up data on the incident cases are 
available through 1986. This larger 
database provides us with the oppor- 
tunity (1) to investigate whether there 
has been any change in the incidence of 
retinoblastoma over time (1974 to 
1985), (2) to estimate with greater pre- 
cision the incidence of retinoblastoma 
demographically, and (3) to reevaluate 
prognostic factors that have been pre- 
viously reported. — 


MATERIALS. AND METHODS 


The data used in this study were obtained. 
from the SEER program of the National 
Cancer Institute. This program, in. opera- 
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tion since 1973, is composed of 10 popula- 


tion-based geographically defined cancer 
registries containing approximately 10% of 
the US population’: the entire states of 
Connecticut, Hawaii, Iowa, New Mexico, 
and Utah; 13 counties in the Seattle-Puget 
Sound region of Washington; the metropol- 
itan areas of Atlanta, Ga, Detroit, Mich, 
and San Francisco-Oakland, Calif; and the 
Commonwealth of Puerto Rico. Each regis- 
try submits data to SEER in a standard 
form for each patient consisting of demo- 
graphic characteristics, a description of the 
neoplasm, and information about the first 
course of cancer-directed therapy. Each 
patient’s registry is also responsible for his 
or her follow-up information.!' In this 
study, we have included data from 9 of the 
10 registries. Puerto Rico was excluded to 
restrict analysis to the continental United 
States. Data from 1973 are excluded be- 
cause not all of the registries were partici- 
pants in the program in 1973. 

Records of 220 children aged 0 to 9 years 
who had retinoblastoma develop had been 
entered in the SEER database from 1974 to 
1985. Our report uses the information from 
these 220 records. 

The Census Bureau, under contract to the 
National Cancer Institute, has provided es- 
timates of the midyear population for each 
registry by age (0 to 4 years, 5 to 9 years), 
sex, race (white, black, other), and year 
(1974 through 1985). We used these as esti- 


mates of the number of persons at risk of | 
having retinoblastoma develop, ie, as dèe- 



























nominators in incidence estimates. Under — 
the assumption, tested below, that inci- 
dence rates have not changed over time 
(1974 through 1985), one may form the ra- _ 


tio of the number of retinoblastoma cases 
occurring to the sum of the yearly popula- 
tion estimates. Such ratios yield estimates 
of the average annual incidence of retino- 
blastoma. We tested the assumption of uni- 
form incidence over time by weighted linear 


regression, where the dependent variable 
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oo -wasthe logaritm of the incidence rate and 
_ the independent variable was the year of 





< occurrence. The weilgat was the number of 
cases occurring each year.” 

. By considering the occurrence of retino- 

blastoma easesito be distributed as a Pois- 

gon variable, we comstructed 95% confi- 

= genee ir intervais fer the incidence estimates. 





a = pendence aea ô, ihe Poisson parame- 
ter, anc divided each of these limits by n. 
We used x’ methodsto compare incidence 

_ rates in two greups,'*to test for heteroge- 

© neity of incidence rates across registries, 

- and to test for a-trend*with age for the pro- 

> portion: of diseased persons with unilateral 
“retine obiastoma. ` We computed maximum 

ood estimates of rate ratios and their 
ort ponding approximate 95% confi- 
lence limits.’ 
1. Follow-up times for each case were cal- 
-culated from the date of diagnosis to the 
Hie of death or to the study termination 
“date (December 1386). Although the date of 
E À contact for owe third of the 220 patients 
- with retinoblastoma was prior to the study 
termination datedthe median interval was 
21 months), we have assumed that these 
patients were alive or the study termina- 
tion date. The ‘ustification for this assump- 
tion comes from the high probability that 
deaths would z me tothe attention of the 
registry. Eachre 
als-actording @ ` 13 avaliable sources. How- 
ever, the general format consists of initial 
e Tollow-aim such as death certificate 
Hy gad othes bene computer- 
























e nse orells Por persons g still presumed to be 
iliveafter initia) screening, letters are sent 
. to the patients p tysicians. A final attempt 
to identify destas is a search of the Na- 
tional Death Index for matches with the 
SEER records. 
- We computed Kaplan-Meier survival 
curves, and we tested differences between 
groups with the ¥ante!-Cox-Savage Test." 
We used the Cox proportional hazards 
model te adjust Tor coafounding variables 
in the sarviva. analyses.’*'’ Each survival 
analysis was computed twice: first, using 
_ the stated assemption that those with in- 
eomplete follow-ap were alive at the study 
termination dateand, second, using the pa- 
erts’ actual dates of last contact. The re- 
` gults were simiiarfor tae two analyses. We 
| "present results from the computations us- 
o ihg the assumption that those with incom- 
plete follow-up-were alive at the study ter- 
mination date. Ad) tests were two-tailed. 


















RESULTS 
Amesi incidence 


Between 1974 and 1985, 220 children 
diagnosed as having retinoblastoma 
before their 1 19th birthday were regis- 
tered in the database. This cor- 
responds to ar average annual inci- 
dence rate of 5.2 cases per million chil- 
jren with a 98% «confidence interval of 

ae Herr ie (aR TA 
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Cases 

. San Francisco-Qakland, Calif 28 
. Connecticut 14 
. Detroit, Mich 44 
. Hawaii 16 
lowa 35 
New Mexico 14 
. Seattle, Wash 3i 
. Utah 

. Atlanta, Gat 

Total. 


Cumulative 
Midyear Populationt 


38 193 892 


Average Annual. 
incidence per Million 
(95% Cenfidence Interval) 


5.2 (3.9, 8.5) 
2.3 (1.5, 4.7) 
6.9 (4.3, 8.0) 
8.3 (5.0, 14.2) 
6.7 (4.6, 9.2) 
5.4 (2.8, 8.5) 
6.3 (4.6, 9.6) 
6.2 (4.0, 9.2) 
5.9 (2.7, 8.4) 
5.8 (5.0, 6.6) 


4770864 
4970905 
7 367 787 
1826536 
5 261 288 
2766 933 
4561967 
3858784 
2 808 828 





* SEER indicates Surveillance, Epidemiology, and End Results program. 
+Cumulative midyear population is the sum of the number of children aged 0 to Syears ai the midpoint of each 


of the years 1974 through 1985. 
tAtlanta entered SEER in 1975." 
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Fig 1.—Annual incidence of retinoblastoma per million (with 95% confidence intervals) for children 


aged 0 to 9 years. 


cases by SEER registry is presented in 
Table 1. A test for heterogeneity indi- 
cated that the variability among reg- 
istries could be due to random fluctu- 
ation (P > .10). 

The annual incidence rates for 1974 
to 1985 (and their 95% confidence in- 
tervals) are shown in Fig 1. The annual 
rates seem to be uniform over time, a 
conclusion supported by a regression 
test (P > .10). Nevertheless, a 95% 
confidence interval calculation based 
on this regression implies that the in- 
cidence rate could have increased as 
much as 93% or could have decreased 
as much as 4% in the 12-year period 
between 1974 and 1985. While a 93% 
increase seems formidable, this corre- 
sponds, for example, to an annual 


incidence of 5 cases per million in- 
creasing to 9.6 cases per million in 12 
years. 
Demographic Characteristics 

Of the 220 cases, 208 (95% ) were di- 
agnosed before the patients were 5 
years of age (Table 2) and 89 (40%) 
were diagnosed before 1 year of age. 
There was no difference in the inci- 
dence rate of retinoblastoma by sex in 
either of the age groups, 0 to 4 years 
and 5 to 9 years (Tabie 2). | 

Racial distribucion ef retinoblas- 
toma at diagnosis is given in Table 3. 
There was no statistiea! difference in 
the incidence rates for blacks and 
whites. For children younger than 5 
years, the ratio of the incidence rate 
for blacks to that for whites was 1.17 
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i (95% confidence interval, 0.75 to 1.75). 
As we have mentioned, there were no 
a significant differences in the incidence 
retinoblastoma among registries. 
ever, because the registries differ 
cial composition," we adjusted for 
try in comparing incidence for 
lacks to that for whites. The results 
rate ratio, 1.19; 95% confidence inter- 
al, 0.77 to 1.83) were similar to the 
unadjusted analysis. 
-Fable 4 gives the distribution of uni- 
lateral and bilateral retinoblastoma 
by race, sex, and age. Three fourths of 
the cases were unilateral. There was no 
-association of race or sex with lateral- 
< ity, but the proportion of patients with 
unilateral tumors increased with age 
(P< .001). 


Prognostic Factors 


© For all 220 cases, the cumulative 
5-year survival rate was 91% (95% 
confidence interval, 87% to 95%). 
_ Figure 2 shows survival in four age- 
at-diagnosis groups: 0, 1, 2, and 3 to 9 
years. Small numbers prevented fur- 
ther stratification at older ages. The 
rvival patterns differed among these 
groups (P = .001). Figure 2 sug- 
that survival worsens with in- 
creasing age at diagnosis, up to age 2 
years, and then improves. Indeed, 
there is a trend of worsening survival 
with inereasing age at diagnosis 
i through age 2 years (P < .001 by Cox 
regression or Mantel-Cox-Savage 
- Trend Test). Additional survival mod- 
els, however, indicate a less clear rela- 
tionship of survival and diagnosis be- 
yond age 2 years. 

We did not find an association of 
laterality and survival (data not pre- 
sented). Because age at diagnosis is 
associated with survival and laterali- 
ty, it may be a confounder for the 
_analysis of laterality and survival. 
Nevertheless, no association of later- 
ality and survival was found even 
when adjusting for age at diagnosis. 
In addition, race, sex, and year of di- 
agnosis were not significant predictors 
_of survival. Confidence intervals for 
-the variables, however, were wide. For 
example, our model implies that the 
‘death rate for blacks may be as high as 
-four times that of whites or as low as 
about 40% that of whites. 


COMMENT 


- We are aware of three population- 
-based reports on the incidence of retin- 
-oblastoma: two from the United 
States? and one from Great Britain.’ 
Devesa’ reported on 60 cases of retin- 

~ oblastoma (1969 to 1971) from the Na- 

_ tional Cancer Survey, and Pendergrass 

and Davis' reported on 70 cases (1973 











Average Annual 


Cumulative incidence per Million 
Age Group, Sex No. of Cases Midyear Population * (95% Confidence Interval) 
0-4 M 95 9754611 9.7 (7.9, 11.9) 
F 113 9319622 12.1 (10.0, 14.6) 
Total 208 19074 233 10.9 (9.5, 12.5) 
5-9 M 7 9762666 0.7 (0.3, 1.5) 
F 5 9 356 993 0.5 (0.2, 1.2) 
Total 12 19 119659 0.6 {0.3, 1.1) 
Totai 220 38 193 892 5.8 (5.0, 6.6) 


* Cumulative midyear population is the sum of the number of children in the specified age and sex groups at 
the midpoint of each of the years 1974 through 1985. 


Average Annual 








Cumulative incidence per 
No. of Midyear Million (95% 
Cases Populationt Confidence interval) 
157 15214 187 10.3 (8.8, 12.1) 
2 323 845 12.0 (8.0, 17.4) 
15 289 048 0.7 (0.3, 1.2) 
2370 453 0.0 (0.0, 1.6) 
(0-9) W 167 30 503 235 5.5 (4.7, 6.4) 
B Z 28 4694 298 __ 8.0 (4.0, 8.6) 
Total 
(W and B) 195 35 197 533 5.5 (4.8, 6.4) 


* Twenty-five cases (24 of race other than black or white and 1 of unknown race) were excluded because 
stratification according to specific racial groups would result in smali numbers. 

tCumulative midyear population is the sum of the number of children in the specified age and race groups 
at the midpoint of each of the years 1974 through 1985. 


Average Annuai 
Incidence 


Average Annual 
incidence 
per Million 


Bilateral 
Cases 


Unilaterat 
Cases 


* Twenty-five cases (24 of race other than black or white and 1 of unknown race) were excluded because 
Stratification according to specific racial groups would result in small numbers. 

tNumbers in parentheses are the percent of cases that are unilateral at each age. 

tincidence rates for single years of age could not be computed because denominator estimates are available 
only for age groups 0 through 4 years and § through 9 years. 


to 1976) from SEER data. Our report 
extends that of Pendergrass and 
Davis. The current SEER database 
contains more than three times the 
number of cases available for the pre- 
vious analysis. Maximum follow-up 
time was 4 years for that analysis, 
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while the current analysis has a max- 
imum follow-up time of almost 13 
years. Indeed, more than 50% of the 
cases in the current analysis had at 
least 5 years of follow-up. Data from 
Atlanta, Ga, were unavailable to Pen- 
dergrass and Davis as that registry 
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Fig 2.-~Cumulstive survival of children with retinoblastoma whose conditions were diagnosed be- 
tween 1374 ard 1985, stratified by age at diagnosis. 


enterec SEER. later than the nine 
other registries included in their re- 
port. Although they included data 
-from New Orleans, La, we have not be- 
janse New Orleans is no longer a par- 


icipant in the SEER program. i 













for chi den younger than 5 years of 
age was estimated to be 11 per million 
in each of the US studies,'’ the same 
-estimate obtained in the current anal- 
-ysis of the SEER data. Sanders et al,’ 
‘using data fremiocal cancer registries, 
‘reported that there were 42 cases of 
retinobiastoma in children younger 
than age 5 years per million live births 

in Britain between 1962 and 1980. We 
have computed that this roughly cor- 

yo responds to an average annual inci- 
dence of 84 per million children 
younger than age 5 years, a value 
ewhat lower than the estimated 

. -incidence in the United States. Sand- 
ers et a.’ state, however, that perhaps 

< -a tenth of the cases may not have been 
registered. The British study indicated 
that there was no trend in incidence 
from 1962 to 1975. Our study also sug- 
gests that the mcidence has been al- 
most uniform over time (1974 to 1985). 
A previous report’ has suggested 
that the incidence of retinoblastoma is 
similar in whites and blacks in the 
United States. Devesa,’? however, 
stated. that ske could not rule out the 
pothesis that, for children younger 
n age 5 vears, incidence among 
blacks s was twice that of whites. Our 
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study, based on larger numbers, indi- 
cates that if blacks do have a higher 
incidence than whites, the increased 
risk is unlikely to be greater than 
about 75%. Moreover, there was no 
difference in the incidence of bilateral 
disease between whites and blacks, 
suggesting similarity in whites and 
blacks for inherited predisposition to 
retinoblastoma. 

As in earlier studies," we found the 
incidence of unilateral cases to be 
greater than that of bilateral cases. 
Previous studies also indicated that 
patients with bilateral disease had 
their conditions diagnosed at younger 
ages than those with unilateral dis- 
ease, although the British study’ did 
not test this statistically and the early 
SEER study' reported a borderline ef- 
fect (P = .07). The statistical proce- 
dure used in this latter study was a test 
that patients with unilateral and bi- 
lateral diseases had different age dis- 
tributions. The procedure used in our 
analysis tested whether there was a 
trend in distribution of cases with age. 
The latter test is more powerful in de- 
tecting a linear trend. Indeed, this test 
is highly significant (P < .001) when 
applied to the data from Table 6 of 
Pendergrass and Davis,' as well as to 
the updated information (Table 4 of 
our report). 

We evaluated prognostic factors, 
such as age at diagnosis, race, sex, and 
laterality. As was also found in the 
earlier SEER analysis, our study did 









not detect a difference in survival bee 
tween white and black subjects. How- 
ever, even with a larger number of > 
cases and longer follow-up, our study 
could not rule out the possibility that 
the mortality rate ameng blacks could — 
be four times that of whites. An in 
creased mortality among blacks was 
first reported by Jensen and Millers 

Age at diagnosis is associated with 
survival for some pediatric malignant 
neoplasms, such as neuroblastoma and —. 
acute lymphocytic leukemia. Al- = 
though reports have indicated that — 
this is the case for retinoblastoma,” ` 
the association is not yet clear. In par- — 
ticular, Pendergrass and Davis’ noted 
a trend toward better survival in chil- 
dren whose conditions were diagnosed 
at a younger age, bat this difference 
was not statistically significant, possi- 
bly because of the small number of ~ 
events. Abramson et al’ noted that the 
best survival wes in children older ` 
than 7 years and the worst was in chil- 
dren aged 2 to T years. These differ- 
ences, however, were not statistically 
tested. Data from our report are in . 
general agreement with these find- 
ings, although we found worsening 
survival with increasing age at diag- 
nosis, through age 2 years, but a less ~ 
clear relationship of survival with age 
at diagnosis beyond age 2 years. Itis - 
possible that survival may be betterin 
younger children because their tumors —__ 
may be smaller when diagnosed. Al- 
ternatively, as is the case In acute 
lymphocytic leukemia,” the tumors in 
younger and older children may be bi- 
ologically different. Detailed studies of 
the molecular genstie changes in retin- 
oblastoma at different ages would be of 
interest. 

It has been reported that patients 
with bilateral disease have better | 
short-term (5- to 6-year) survival than | 
those with unilateral disease.'’ Pa- 
tients with bilateral cisease, however, 
may have a worse long-term survival 
owing to the morefrequent recurrence | 
of late secondary tumers or metastatic 
disease.” Nevertheless, Sanders et al’ -> 
did not test whether the survival in 
patients with unilateral tumors dif- | 
fered from that im patients with bilat- 
eral tumors and, although Abramson 
et alè state that survival for patients 
with bilateral disease is dramatically 
worse than that fer those with unilat- 
eral disease, they have not reported an 
explicit statistica: test. The current 
analysis did not deteet a statistically 
significant difference in survival be- 
tween patients with unilateral and bi- 
lateral disease. 

Sanders et al,’ in their study of 431 
children with retinoblastoma in Great 
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yrevious. and pirrent gear eas of the 
. data, there was no difference in 
survival between boys and girls, al- 
penal t the few deaths limit possible 
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1985. To our knowledge, this is the first 
evaluation of incidence trends over 
time for US data. A similar result of 
uniformity over time was noted in 
Great Britain for years 1962 through 
1975.’ The association observed be- 
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Con tin ing Medical Education 


~ Continuing Education for Ophthalmologists 


Š This list. of continuing education opportunities for ophthalmologists is published 
-o0 monthly as a service to readers to help them keep abreast of meetings and courses of 
- Interest and importance. Presented by regional and national location, the list is updated 

7 mon hly ane provides an easy reference to continuing medical education (CME) courses, 
Accredited soonsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
sion tn the list free of charge. Listings will be published for 3 consecutive months and 
d be reseived at least 5 months prior to date of course, eg, for a June course by Jan 
e included in the March, April, and May issues. A course held between the first and 
4th days, ~wclusively, will appear in the preceding month’s issue. The listing cannot be 
3 mblished ane: it contains the following information: title, location, date(s), sponsor(s), 
and contact address. Optional information includes CME category 1 hours of instruction, 
registration Tee. and guest speakers. Listings should be typed double-spaced with 2-in left 
and right mergins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
(600 N Woife.St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 













or for more detailed information. 








ARIZONA 


\nn-Frortiess in Ophthalmol At: Scottsdale 
‘Dates: 2/15420 co 2/17/90 Sponsor: St Luke's 
M Ctr & Prentice Eye Inst Contact: Christine 
Campbell, 1419 E Divot Dr, Tempe, AZ 85283; 
(602) 820-7627 


CALIFORNIA 


(Advances in Glaucoma Therapy At: La Jolla 
Co Dates: 2/2/93 to2/3/90 Sponsor: Univ of Calif, 
San Diego, Dept of Ophthalmol Contact: 
Michelle Elie, Course Coord, UCSD/Ophthal- 
mol, T-Gl4, La Jolla, CA 92093; 1619) 543-6044 


.  .. Ophthalmol Coat Educ Prgms 1989-1990 At: Los 
o Angeles Dates: throughout 1990 Sponsor: Jules 

o tein Eye Inst aad Dept of Ophthalmol, UCLA 
S “Med Contact: Gretchen Falvo, Dir, Ac- 

z ie Prgms; (212) 825-4617 






















TOPICS 


Neuro-Ophthalmology 
Cornea 

Glaucoma 

Cataract 

Retina 


Plastics 


< | This program is designed to enhance and review clinical knowledge in ophthalmology by providing ajo 
_ three-day symposia. Approximately 50 national and international speakers will review and present new | 
_ advances in their areas of clinical expertise. Registration fee includes all lectures, course materials, | 
_ coffee breaks and reception. Special rates have been obtained at the Hyatt Regency-Grand Cypress: g 


| Hotel. 


Pediatric Ophthalmology 


Fifty-Ninth Ann Midwinter Ophthaimoi Clin Conf 
At: Los Angeles Dates: 2/9/90 to 2/11/90 Reg 
Fee: $295 for practicing physicians and mili- 
tary physicians if received before January 1, 
1990, $350 after that date, $160 for resident 
physicians and retired physicians Sponsor: 
Research Study Club of Los Angeles Contact: 
Louise Ball, Exec Secy, PO Box J, S Pasadena, 
CA 91031; (213) 680-2387 


American Soc of Cataract and Refractive Surg, 
American Soc of Ophthalmic Administrators 
Ann Mtg At: Los Angeles Dates: 3/4/90 to 
3/7/90 Contact: ASCRS/ASOA, 3701 Pender 
Dr, Suite 250, Fairfax, VA 22030, (703) 591- 2220 
or 591-2222 


Jules Stein Eye Inst Ann Postgrad Sem —- Glau- 
coma: Current Concepts in Diagnosis and 
Treatment At: Los Angeles Dates: 4/6/90 and 
4/7/90 Hrs Instr: 16 Reg Fee: $395, practicing 


PAN AMERICAN ASSOCIATION OF OPHTHALMOLOGY 


PRESENTS THE 


THIRD NORTH AMERICAN COURSE 


MAY 24-27, 1990 
ORLANDO, FLORIDA 


MODERATORS 


Marshall Parks, M.D. 


Alfredo Sadun, M.D., Ph.D. 


L. Michael Cobo, M.D. 


Richard Simmons, M.D.— 
Walter Stark, M.D.—-Juan Batlle, M.D. 


Falvo, Dir of Academie Prgms, Jules Stein Ey 
Inst, 100 Stein Plaza, UCLA, Los Angeles, CA 
. 90024-7000; (213) 325-4617 E 


Squaw Valley Vitreo-Retinal Symp At: ts Oly 
Valley Dates: 1/28/90 to 2/1/90 Hrs Instr: 16 
Sponsor: Dept of Ophthalmol, Univ of Califor. 
nia, Davis Contact: Barbara Arnold, MD, 727. 
E Southgate Dr, Sacramento, CA 95823; (916 
393-1000 





















Basic Science Course in Spnthalnel a at Stanford 
At: Stanford Dates: 7/2/90 to 9/31/90 Reg Fee 
$1600 Contact: Basic Science Course, PR Eg 
bert, MD, Dir, Dept of Ophthalmol, A-157 
Stanford Med Ctr, Stanford, CA 94305-5308 


COLQEADO 


Aspen Corneal Soc Mtg At: Snowmass Dates 
2/17/90 to 2/24/9€ Hrs instr: 20 Reg Fee: $325 
Contact: Mitchell H. Friedlaender, MD, Scripps 
Clin Med Group, 2666 N Torrey Pines Ra, Li 
Jolla, CA 92037 ae 


Piastics & Retina: Arn Midwinter Semt ot the Cor 
orado Ophthalmoiogical Soc At: Vail Dates 
1/27/90 to 1/31/9@Hrs instr: 16 Contact: Caro 
Goddard, PO Box 4834. ere CO; an 
741-3937 i 


Seventh Ann Witmer Inst Curr Gancapuri in Oph- z 
thalmol At: Vail Dates: 3/10/90 to 3/ 17/90 Hrs 
instr: 30 Reg Fee: 3475; $325 for those in train: = 
ing Contact: Prog Coord, The Johns Hopkins _ 
Med Inst, Office of CE, Turner Bldg, 720 Rutland - 
Ave, Baltimore, MO 21205; (301) 955-2959 oe 


FLORIDA . 

Eleventh Ann Clin Vision Research Course At: 
Longboat Key Dates: 4/25/90 to 4/28/90 Topic: 
Epidemiologie and Bicstatistical Approaches 
‘Continued on p 139, 










Richard Parrish, M.D. 





Hilel Lewis, M.D.—Mark Blumenkranz, M.D. 
Gary Abrams, M.D.—Bradley Straatsma, M.D. 
Don H. Nicholson, M.D.—Stanley Chang, M.D. 


David Tse, M.D. 


PROGRAM DIRECTOR 
Eduardo Alfonso, M.D. 


‘University of Miami School of Medicine designates this continuing medical education activity tor : 
y (20) credit hours in Category 1 of the Physician's Recognition Award of the American Medical E 





ier information please contact: Bascom Palmer Eye Institute, P.O. Box 015869, Miami, Flor- : — 
P aake SA re 


























announces 


The Fifteenth Annual 
Ophthalmology Review Course 














MARCH 
March 24-28, 1990 nas 
The Sheraton Society Hill Hotel 4567 8 9 10 
Philadelphia, PA 11 12 13 14 15 16 17 
18 19 20 21 22 23/24] 
[25 26 27 28]29 30 31 
Guest Speaker 
David L. Guyton, M.D. 
Associate Professor of Ophthalmology 
The Wilmer Ophthalmological Institute 
Johns Hopkins University 
Baltimore, Maryland 
Peter J. Savino, M.D., Course Director 
Faculty & Topics 
oe Faculty 
Retina & Vitreous William E. Benson, M.D. 
lar Pathology Ralph C. Eagle, Jr., M.D. 
David H. Fischer, M.D. 
Eyelid & Lacrimal System Joseph C. Flanagan, M.D. 
| and Mary A. Stefanyszyn, M.D. 
:& Refraction David L. Guyton, M.D. 
eal & External Diseases Peter R. Laibson, M.D. and 
7 | Kent G. Leavitt, M.D. 
a “Physiology Joseph I. Markoff, M.D. 
-T Pharmacology & Therapeutics Marlene R. Moster, M.D, 4 
-Pediatric Ophthalmology & Strabismus Leonard B. Nelson, M.D. . 
3 Neuro-Ophthalmology Peter J. Savino, M.D. 
_ Anatomy & Embryology Hermann D. Schubert, M.D. 
< Ocular Tumors Jerry A. Shields, M.D. 
-Glaucoma Richard P. Wilson, M.D. 
Further Information: Tuition Fee: 
i e Hospital — $300 Residente Physicians & Fellows 


(with Lett er from Program Chairman) 


ar ment, of f Continuing Medical Education 
Continuing E uc tion’ ae 
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gor: Net] Eye Inst Contact: Catherine M. 
auer, Con? Mgmt Assoc Inc, 127 Brook 
aw, Hanover, NH 08755; (603) 648-2325 


‘Fourteenth Awn Meeting of the Christian Oph- 
i thalmol Soc At Pensacola Dates: 6/21/90 to 








a 90 Contact: Dr Walter J. Paschall, 1424 E 
N . Fra s Bt, Twer, TX 75702 


# Of Lasers in Ophthalmol (Symp & Work- 
At West Palm Beach Dates: 2/9/90 to 
00 Contact: Good Samaritan Hosp, CME 
z PO Box 624308, West Palm Beach, FL 
3340-4308; M407) 650-6236 


















: GEORGIA 

‘TwentySeventh Aan Alumni Posturas Course At: 
. Buckecad Dates: 2/2/90 to 2/3/90 Hrs Instr: 
Aa 5 h Fee: $205 Guest Speakers: Richard A. 
. MD, Charles Leone Jr, MD, Carmen 
Abe, MD, wonn Hunkeler, MD Contact: 
ol = ee Univ Sch of Med, 1440 


Charles é & eed 2334 S. King St, Suite 208, 
- Henoiulu, HP96826; (808) 942-5653 






= Contemporary Cataract Surg & the Use ot Lasers 

forthe Gen Ephihaimologist At Maui Dates: 

2/10/90 to 2/77/20 Contact: Steven M. Drance, 

MB, OC, Dem of Ophthalmol, Univ of British 

Colunibia, 2530 Willow St, Vancouver, British 
Columbia, V52 3N9 Canada; (604) 875-4199 

RENTUCKY 
> Clin Ade In Treatment of Retina, Vitreous, and 
Uveal Die for the Practicing Ophthaimologist 


_ Bt LeeingionDates: 4/6/90 to 4/7/90 Contact: 
Karen Heido, Humana Hosp-Lexington, 150 








joctor ... Share 


the 








Vision! 


26th ANNUAL SPRING MEETING 


N Eagle Creek Dr, Lexington, KY 40509; (608) 
268-3754 


LOUISIANA 


New Orieans Academy of Ophthalmol 39th Ann 
Symp: Advances in Cataract Surg At: New Or- 
leans Dates: 3/2/90 to 3/4/90 Hrs Instr: 14 Reg 
Fee: $350 prior to 1/1/90, $400 after 1/1/90 
Contact: Emily Busby, Exec Secy, New Orleans 
Academy of Ophthalmol, 2626 Napoleon Ave, 
Rm 2076, New Orleans, LA 70115 


MARYLAND 


Macular Degeneration: Light, Lasers, Low Vision 
At: Baltimore Date: 2/16/90 Sponsor: The Ret- 
inal Vascular Center, The Wilmer Institute Hrs 
instr: 7.5 Reg Fee: $200; $100 for residents and 
fellows Contact: Office of CE, The Johns Hop- 
kins Med Inst, Turner 57, 720 Rutland Ave, 
Baltimore, MD 21205-2195; (801) 955-2959 


Thirteenth Walter Reed Ophthaimo! Postgrad 
Course At: Bethesda Dates: 3/26/90 to 3/27/90 
Hrs instr: 16 Contact: Nancy Mastbrook, Coord, 
Ophthalmol Serv, Rm 1F 14, Walter Reed Army 
Med Ctr, Washington, DC 2037-5001; (201) 576- 
1960 


MASSACHUSETTS 


Postgrad Ophthalmol At: Boston Dates: 3/30/90 
to 4/3/90 Hrs instr: 41 Reg Fee: $625; $525 fer 
residents and fellows Sponsor: Harvard Med 
Sch Contact: Harvard Med-CME, PO Box 825, 
Boston, MA 02117; (617) 732-1525 


MISSOURI 


Midwinter Laser Course and Fluorescein Angiog- 
raphy Workshop At: Si Louis Dates: 2/9/90 to 
2/10/90 Hrs Instr: 12 Reg Fee: $500 ($350, res- 

idents, fellows, nurses, & technicians) Spon- 

sors: Retina Res & Development Found, Alcon 

Surgical Ine, and Washington Univ Sch of Med, 


The Deparment of 
Ophthalmology 
Post Graduate 
Course 


Dept of Ophthalmol Centact: Beth co Stei 


Retina Res & Development Found, One Barnes. 
Hospital Plaza, E Pavilion Suite 17413, St Lou- 


is, MO 63110; (3149 867-1981 


NEW YORK 





Cornea and Astigmatism Course At: New York ae 


Date: 2/10/90 Contac: 


838-9200, ext 2776 


Francine Leinhardt, = 
Course Coord, Manhattan Eye, Ear’ & Throat < 
Hosp, 210 E 64th Sz, New York, NY 10021; (212) í o 





6th Ann Live Ophthaimic Plastic Surg Workshop © 
At: New York Dates: 3/2/80 to 3/3/90 Contact: 
Francine Leinhardt, Coarse Coord, Manhattan = 
Eye, Ear & Throa: Hosp, 210 E 64th St, New -> 


York, NY 10021; (212) §38-9200, ext 2776 


Masters of Ophthaimic Plastic Surg~Lacrimal ~~ 
Eyelid and Orbital Surg At: New York Dates: 
3/2/90 to 3/3/90 Contact: Francine Leinhardt,. 
Course Coord, Mashattan Eye, Ear & Throat 
Hosp, 210 E 64th St, New York, NY 10021; (212) - 


838-9200, ext 2776 


Dept of Ophthalmol Postgrad Course—Fluores- . 
cein Workshop At New York Date: 3/24/90. 
Contact: Francine Leinhardt, Course Coord, 
Manhattan Eye, Ear, & Throat Hosp, 210 E 64th 


St, New York, NY 10021; (212) 832-9126 


The New York Soc for Ciin Ophthalmol Spring 


Mtg At: New York Date: 3/31/90 Contact: 





Francine Leinhard:, Course Coord, Manhattan. 5 
Eye, Ear & Throat Hosp, 210 E 64th St, New = 


York, NY 10021; (212) 848-9200, ext 2776 


Contact B and A Sca Diagnostic Ultrasonogra: 


phy At: New York Bate: 4/7/90 Sponsor:Man-- 
hattan Eye, Ear & Throat Hosp Contact: Fran- — 
cine Leinhardt, Course Coord, Manhattan Eye, 
Ear & Throat Hosp, 210 EF 64th St, New York, 


NY 10021; (212) 836-9206, ext 2776 


(Ceanu on ne a ad) 


Vitrectomy in Anterior aad 
Posterior Segment Surgery 


PETSSURGH OPHTHALMOLOGY SOCIETY 


DEEARTMENT OF OPHTHALMOLOGY, 
ENIVERSITY OF PITTSBURGH SCHOOL OF MEDICINE 


Friday anc Saturday, 
March 30 and 31, 1990 


Vista International Hotel, Pittsburgh, PA 


GUEST OF HONOR 
PAUL R. LICHTER, M.D. 


Chamas Department of Ophthalmology. W K nations Eve Center, 
University of Michigan, Ann Arbor 


Oh Lechter wall present the Tenth Annual Harvey Thorpe Lecture 


FACULTY 
Stuart Fine, M.D., Baltimore 
John T. Flynn, M.D., Miami 
jah D. Hunkeler, M.D., Kansas City, MO 
lay H. Krachmer, M. D., lowa City 
Aan raame ~ D., Bethesda 


Eleventh Reriial AAA 
Alied Ophthalmic Personnel 


March 30 and | 31, 1990 


April 21, 1990 
Manhattan Eye, Ear and Throat Hopital 
New York, NY 


CURRICULUM: Topics for this course incluce: Physiology and 
Pathology of the Vitreous and Retina, Pre-Operative Macula Assessment, 
Ultrasound Techniques in Evaluating Intraocular Forvign Bodies, 
Vitrectomy in Anterior Segment Reconstruction, Yag ‘Laser for Lens 
Remnants and CME, Vitrectomy in Endophthalmitis, Pars Plana Lensec- 
tomy, Role of Vitrectomy in Corneal Disease anc Sur: gery, Evolution of - 
Intravitreal Substitutes, Management of Gaint Retina’ Breaks, Vi itrectomy 
in Diabetic Retinopathy, Retinotomy, Silicone OA, Retinal Tacks in the 


Loop Traction), New Laser Techniques in Vitrecomy Retinopathy of 
Prematurity, Posterior Segment Complications of Vitmectomy. 


COURSE COORDINATOR: David B. Karim, MD. 
GUEST LECTURER: H. MacKenzie Freeman, M.D. 


PARTICIPANTS: Drs. Sandra Belmont, Scott Brocie, Frederic 
Deutsch, Jack Dodick, William Eisenberg, Yale Fisher, H. MacKenzie 





Spring Meeting Fees: 
Physicians, $250 
Residents, $125 

Symposium Fee: $73 


. See registration oF information, aoe contact 
ittsburgh Ophthalmology Society 
Pat Wilharson, Exec. Asst 


Harvey Lincoff, Thomas Poole, Jason Slakter, Murray ‘Wolkstein, David 
Sudarsky. 


LIMITED REGISTRATION CME CATEGOERY I ACCREDITATION 
For Information Contact: Francine Leinhard:, Course Coordinator 


Manhattan Eye, Ear and Throat Hospital 


{412} 243-8845 210 East 64th Street, NYC, NY 10621 


_ itunes Gay, tye & Ear Hospital of Pittsburgh 
Thunday, March 3 





Management of Proliferative Vitreoretinopathy, Peripheral PVR (Anterior r 


Freeman, Vincent Giovinazzo, Peter Judson, David Karlin, Allen Landers, _- 


(212) 838-9200 ext. 2776 FAX (212) 832-9126 = F 
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Fourteenth Annual Meeting 


JUNE 21-24, 1990 
PENSACOLA, FLORIDA 


orefront clinical presentations and discussions will feature- 
istinguished speakers including) GLAUCOMA 1990 - 
r. Dale K. Heuer, Dr. M. Bruce Shields, Dr. Richard K. 
arrish; RETINA 1990 - Dr. William E. Smiddy, Dr. Karl R. 
Isen, Dr. Charles E. Clevenger, MOTILITY 1990 -Dr. 


ohn T. Flynn; and MORE! EXTERNAL DISEASE NUGGETS - 
r. Scheffer Tseng - CATARACT GEMS - Dr. C. Roger DeHaven 
nd we hope to add another paper on ENDOPHACO by Dr. 
ohn Costin --& CT or MR? by Dr. B.K.Farris - DON’T MISS! 
~PLUS-SPIRITUAL RENEWAL! SPECIAL FAMILY PROGRAMS! | 
SEE THE PENSACOLA NATIONAL NAVAL AIR MUSEUM! STAY 
T PERDIDO BEACH HILTON HOTEL, ORANGE BEACH, ALA! 
Special grants are available for doctors in training, too! WE 
VANT TO SEE MEDICINE TURN BACK TO RIGHTEOUSNESS! 
RAY FIRST AND THEN COME AND HELP US !! 

CONTACT: Dr. Walter J. Paschall 
i 1424 East Front Street 
Tyler, Texas 75702 
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tee ¥ in Anterior and Posterior Segment 
at: Nem York Date: 4/21/90 Contact: 
B. Karin, MD, Course Coord, Manhattan 
~ Bye, Zar & Throat Hosp, 210 E 64th St, New 
- York NY VOC21; (212) 838-9200, ext 2776 


 Sigmuna Schutz, Professorship — Visiting ie 
C. fessor—Fregerick Jakobiec, MD At: New 
Fork Dates: 4/26/90 to 4/28/90 Contact: Pran- 
sinhardt, Course Coord, Manhattan Eye, 
hross Hosp, 210 E 64th St, New York, 
Ta 021, (272) 838-9200 ext 2778 


ediatrie Ophthalmol and Strabismus Update 

$990.At Nese York Date: 5/5/90 Sponsor: 

Manhattan Eve, Ear & Throat Hosp Contact: 
o Francine Leishardt, Course Coord, Manhattan 
< Eye, Ear & Throat Hosp, 210 E 64th St, New 
. York NY 10021, (212) 888-9200, ext 2776 



















= 





asters of Cataract Surg At: New York 
8/9 to 6/9/80 Sponsor: Dept of Oph- 
, Marhattan Eye, Ear & Throat Hosp 
st: Francine Leinhardt, Course Coord, 
ttan Exe, Ear & Throat Hosp, 210 E 64th 
St, New York, NY 10020; (212) 838-9200, ext 2776 


na Opiithalmo! Conf Featuring the 35th Ann AF 

bert C. Snell Memorial Lecture At: Rochester 

oo Dates: 4/6/98 and 4/7/90 Speaker: John T; 

oO Eynm MD, Usiv of Miami Sch of Med, Bascom 
Falmer Eye Inst Sponsors: Rochester Ophthal- 

-o mologie Soe, Dept of Ophthalmol, Univ of Roch- 

< ester Sch of Med and Dentistry Contact: Univ 
af Rochester Med Ctr, Office of CPE, 601 Eim- 
woed Ave, Box 677, Rochester, NY 14642; (716) 
QS 42 














MORTH CAROLINA 



















T The Duke Ady Vllreous Surg Course At: Durham 
e 4/19/89) to 4/21/90 Sponsor: Dept of 








Featured speakers include: 
lames V. Aquavella, M.D. 


Kenneth E. Kenyon, M.D. 
Harvard University 
Gilbert Sraclin, M.D. 








4. Krachmer, M.D. 
versity. of lowa 


ard A Thoft, M.D. 
sity. @ of Pittsburgh 


| Uni versity, of California at San Francisco 


Ophthalmol, Duke University Med Ctr Contact: 
George Andrews, PO Box 3802, Durham, NC 
27710; (919) 684-6743 


OHIO 


Thirteenth Midwest Glaucoma Symp At: Cleve- 
land Dates: 3/2/90 to 3/3/90 Contact: The 
Cleveland Clin Educ Found, Dept of CE, 9500 
Euclid Ave, TT31, Cleveland, OH 44195-5241; 
444-5696 (local), 1-800-762-8172 (Ohio), 1-800- 
762-8173 (outside Ohio) 


Thirty-third Ann Postgrad Symp in Ophthaimoi— 
Current Concepts in Corneal Dis At: Columbus 
Dates: 3/2/90 and 3/3/90 Hrs Instr: 12.5 Reg 
Fee: $200 Contact: The Ohio State Univ Ctr for 
CME, (614) 292-4985 or (800) 492-4445 or the 
Dept of Ophthalmol, (614) 293-8159 


PENNSYLVANIA 


Glaucoma Conf At: Philadelphia Date: 1/20/90 
Hrs Instr: 3 Reg Fee: None Sponsor: Scheie Eye 
Institute Contact: Mary Martino, Coord, CME, 
Scheie Eye Inst, 51 N 39th St, Philadelphia, PA 
19104; (215) 662-8119 


Pediatric Ophthailmo! Symp At: Philadelphia 
Date: 1/27/90 Hrs Instr: 3 Reg Fee: None Spon- 
sor: Scheie Eye Institute Contact: Mary Marti- 
no, Coord, CME, Scheie Eye Inst, 51 N 39th St, 
Philadelphia, PA 19104; (215) 662-8119 


Retina Symp At: Philadelphia Date: 2/10/90 Hrs 
instr: 3 Reg Fee: None Sponsor: Scheie Eye Inst 
Contact: Mary Martino, Coord, CME, Scheie 
Eye Inst, 51 N 39th St, Philadelphia, PA 19104; 
(215) 662-8119 


Retina Cont At: Philadelphia Date: 3/31/90 Hrs 
Instr: 3 Reg Fee: None Sponsor: Scheie Eye Inst 
Contact: Mary Martino, Coord, CME, Scheie 


kennimenn Hed 2 tt 


OHIO 
È 


UNIV ERSITY | | 


CENTER FOR CONTINUING MEDICAL EDUCATION PRESENTS 
33RD ANNUAL POSTGRADUATE SYMPOSIUM IN OPHTHALMOLOGY 


CURRENT CONCEPTS IN 
CORNEAL DISEAS 


SATURDAY, 


HYATT ON CAPITOL SOU ARE, COLUMBUS 


Fee: $200 


University of Rochester, School of Medicine 


Accreditation: 


MARCH 


, OHIO 


Eye Inst, 51 N a9c:h St, Philadelphia, PA 19104; 
(215) 662-8119 





Adler Lecture—Eye Movement and nae ; 
At: Philadelphia Date 4/26/90 Hrs Instr: 2 Reg 
Fee: $55 Sponsor: Scheie Eye Inst Contact: | 
Mary Martino, Coord, CME, Scheie Eye Inst,51 
N 39th St, Philadelphia, PA 19104; (215) 662-0 E 
8119 ee 


Ann Mtg—Neuro-Ophthaimol Symp At: Philadel- 
phia Date: 4/27/90 Reg Fee: $125 Sponsor: >. 
Scheie Eye Inst Cortact: Mary Martino, Coord, ...- 
CME, Scheie Eye Inst, E N 39th St, Philadel- ue 
phia, PA 19104; (215) 662-8119 oe 


Twenty-sixth Ann Spring Mtg, Pittsburgh Oph: > 
thalmol Soc At: Pulisbuergh Dates: 3/30/90 and. oS 
3/31/90 Reg Fee: $250, physicians, $125, resi- 
dents Contact: Pittsburgh Ophthalmol Soe, Pat -> 
Williamson, Exec Asst, 2545 Mosside Blvd, i 
Monroeville, PA 15146; (112) 248-8845 


Twelfth Ann Dallas Spring Ophthalmol Symp At ee 
Dallas Dates: 3/30790 to 3/31/90 Topic: In 
flammatory Dis of the Eva Reg Fee: $250 before 
3/1/90, $275 after 3/1/90: $75 for resident phy- 
sicians Contact: Sindi Sonnier, Presbyterian. . 
Healthcare System/CME, 8200 Walnut Hill La, < 
Dallas, TX 75231; (214) 696-8458 


ria Retinal Study Club At: Dallas-Fort `> 
Worth Int Airpor: Date: 3/10/90 Contact: Gail = 
Granek, 1021 Washington Ave, Fort Worth, TX o 
76104; (817) 382-6208 Ae 


Job Modification for Upward Mobility of People 2 
with Visual Disabilities At Dallas Dates: 4/4/90 -< 
to 4/6/90 Contact: Eehat Res and Trng Ctron 
Blindness and Low Vision, Mississippi State = 
University, PO Drawer 6189, Mississippi State, 
MS 39762 E 








Continued on p 143) 








2 & 3 
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Approved for 12.5 hours in category | 


For a conference brochure or more information, 
please contact The Ohio State University Center for - 


Continuing Medical Education at (614) 292-4985 or ant 
(800) 492-4445, or The Ohio State University ae is 
Department of Ophthalmology at (614) 293-8159. J|- 















James Anoe M.D., ETN: C e 9 Chairman = a 


Thursday, March 29, through Sakiidäy, March 31, 1990 
Adam's Mark Hotel, Philadelphia 


A tradition in Philadelphia since 1949 

T The Wilis Eye Hospital Annual Conference is a clinically oriented meeting designed with the 
-pra sticing general ophthalmologist in mind. It is intended to provide clinicians with pertinent 

n formation on techniques and instruments that can be used in an ophthalmic practice. 





ell Memorial Lecture irving H. Leopold Lecture 
“Traumatic Optic Neuropathies" "Complications and Problem Solving 
-Simmons Lessell, M.D. in Cataract and IOL Surgery" 
Manus Kraff, M.D. 


LEN Symposia 
-Clinical Challenges for Governmental Policies and 
eral Ophthalmologists Political Trends of Importance 
ter Savino, M.D., moderator to Ophthalmologists 


Hunter Stokes, M.D., moderator 


Gettes Memorial Symposium on 
Cataract and IOL Surgery 
Stephen Lichtenstein, M.D., moderator 





Scientific and Technical Papers 
to be presented by Members of Wills Eye Hospital Society of Ex-Residents 


A moderators and participants (partial list) 
< William Annesley, M.D. Joseph Calhoun, M.D. Raiph Eagle, M.D. 

- : Joseph Flanagan, M.D. Peter Laibson, M.D. Robert Sergott, M.D 
- aid Shields, M.D. George Spaeth, M.D. William Tasman, M.D. 





” This continuing Medical Education activity is accredited for 16 Credit Hours in Category 1 
i. for the Physician's s Recognition Award of the American Medical Association. 


-Forad additional information, contact Jeanne E. Coughlin, Meeting Manager, 1621 Norristown Road, 
eo -Maple Glen, I PA 19004, a (215) 322-8: iC 
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The ¢ uien Course~ 1990: Clin Advances in Oph- 
thaimol tar the Practicing Ophthalmologist At: 
sion Dates: 3/2/90 to 3/4/90 Sponsor: The 
Cullen Eye Inst Contact: Carol J. Soroka, Prog 


| Baylor Plaza: Houston, TX 77030; (713) 798-6020 


oN enth. ann Alamo City Ophthalmol Clin Conf At: 
Antonio Dates: 3/2/90 to 3/3/90 Sponsors: 
‘Deptof Ophthalmol, Univ of Texas Health Sci 
(tr at Brooke Army Med Ctr, Willford Hall 
Centact: Johan T. Zwaan, MD, PhD, Univ of 
Yeas Healts Sci Ctr at San Antonio, 7703 
Floyd Cur] Dr, San Antonio, TX 78284-7779 





UTAH 


Annu Park City Multidisciplinary Facial Plastic 
- Surg Ski Conf At: Park City Dates: 2/10/90 to 
2/17/80) Sponsor: The Univ of Nebraska Med 
Cir Dept of Oph: chalmol Hrs Instr: 20 Contact: 
Maree ‘Adey,. Leerd of CME, Univ of Nebraska 
‘tr, Ctr Tor CE, 42nd & Dewey Ave, Oma- 
NE 3 68105: (492) 559-4152 


WEST VIRGINIA 


‘Forty-third Anm Nati Spring Mtg— The West Vir- 
ginia Acad cf Ophthalmol At: White Sulphur 
orines Dates: 1/22/90 to 4/25/90 Contact: 
Patridia Sehumaan, Conf Coord, West Virginia 
Academy of Gphthalmol, PO Box 6302, Health 
Sei Cir North, Morgantown, WV 26506; (304) 
298-8757 





FOREIGN 


coco internat Conf on Low Vision 1990-A Satellite 
os Syrapeof the Internat! Congress of Ophthalmol 

as ak Melbourre, Australia Dates: 3/13/90 to 
0 8 (16700 Contact Conf Organizer, Internatl 















“Milton Boniux, M.D. 
Jaree M. Emery, M.D. 
i coun E, n M.D. 













Dan B a. M.D. 
ae i Dougias D. Koch, M.D. 
| Richard AlamLewis, M.D. 








The 








Carol J. Soroka 


One Baylor Plaza 
Houston, Texas 77030 
(713) 798-6020 


- Coord, Oficeof CME, Baylor Cell of Med, One- 


Cullen Course 


i 990 Clinical Advances in Ophthalmology 
oS jor the Practicing Ophthalmologist 


Cullen Eye Institute Faculty 
~ Alice Y. Matoba, M.D. 
John A. McCrary. M.D. 
David W, Parke, IT, M.D. 
James R. Patrinely, M.D. 
Paul G. Steinkuller, M.D. 
Gunter K. vonNoorden, M.D. 
Kirk R. Wilhelmus, M.D. 


March 2-4, 1990 
Houstonian Hotel and Conference Center 
111 North Post Oak Lane 
dJouston, Texas 77024 


FOR FURTHER INFORMATION CONTACT: 


“The Office of Continuing Education 
Baylor College of Medicine 


Conf on Low Vision 1990, Assn for the Blind, 
Low Vision Clin, 454 Glenferrie Rd, Kooyong, 
Victoria 3144, Australia 


Sixth Congress of the Internati Strabismological 
Assn~A Satellite Symp of the Internat! Con- 
gress of Ophthalmol At: Queensland, Australia 
Dates: 3/11/90 to 3/16/90 Contact: WE Gillies, 
MD, 82 Collins St, Melbourne 3000, Australia r 


Twenty-eighth Symp of the Internati Soc for Clin 
Electrophysiology of Vision at: Guangzhou, PR 
China Dates: 3/10/90 to 3/14/90 Contact: Prof 
Lezheng Wu, MD, Zhongshan Ophthalmic Ctr, 
SUMS, 54 Xianlie Rd, Guangzhou 510060, PR 
China 


Eleventh Ann Course of the Fundacion Oftaimo- 
logica Nacional in Bogotá Columbia At: Bogota, 
Colombia. Dates: 1/18/90 to 1/20/90 Guest 
Speakers: Marshall Parks, MD, Klaus Hel- 
mann, MD, Relja Zivojnovic, MD, Michael 
Foester, MD, Norbert Bornfeld, MD, Eduardo 
Arenas, MD Contact: Alvaro Rodriguiz, MD, 
calle 50 No 13-30, telephone 2111280 Bogota, 
Colombia 


Eleventh Symp of the Internati Res Group Color 
Vision Deficiencies (IRGCVD)~-A Satellite 
Symp of the internati Congress of Ophthalmol 
At: Tokyo, Japan Dates: 3/26/90 to 3/28/90 
Contact: IRGCVD, Med View Co, 1-21, Yotsuya, 
Shinjuku-ku, Tokyo, 160 Japan 


Tweifth Ann Wilmer Inst Current Concepts in 
Ophthalmol At: Dorado, Puerto Rico Dates: 
2/18/90 to 2/25/90 Hrs Instr: 30 Reg Fee $475 
($325 for those in training) Contact: The Johns 
Hopkins Med Inst, Office of CE, Turner Bldg, 
720 Rutland Ave, Baltimere, MD 21205; (301) 
955-2959 


Fourth Internati Conf on Myopia-A Satellite 
Symp of the internati Congress of Ophthalmol 


The Deparment of 
Ophthalmology 
Post Graduate 
Course 




























R. Troutman 

















At: Singapore Dates: 313/90 to 3/15/90 1 Co 
tact: Myopia Internat! Research Foundation, 
1265 Broadway, Rm 608, New York, NY 10001 


Twenty-sixth internati Cengress of Ophthaimot 
At: Singapore Dates: 3/18/90 to 3/24/90 Con 
tact: Congress Presideat, Arthur S. M. Lim, 
MD, c/o Dept of Ophthalmol, Natl Univ Hosp, 
Lower Kent Ridge Rd, Singapore 0511, Benet eS 
lic of Singapore oe 





internati Conf on Ophthalmic E TE cop ee 
'90)-A Satellite Symp of the internati Con- 
gress of Ophthalmol At: Singapore Dates: ` 
3/14/90 to 3/17/90 Contact: Lawrence M. Mer- ©: 
in, RBP, Mtg Chairman, Cullen Eye Inst, Bay- 
lor Coll of Med, 650! Fannin, Houston, TX `> 
77030; (713) 798-5988 nee 


A Symp on Ocular Phototoxicity: At: St Thomas . 
Dates: 3/9/90 to 3/10/90 Sponsor: Howard .. 
Univ Coll of Med, Biv of Ophthalmol Contact: zi 
Claude L. Cowan Jr, MB, Howard Univ Hosp, =- 
Div of Ophthalmo:, 2641 Georgia Ave, NW, 
Washington, DC 20960; (262) 865-1257 


Third Ann E African Ophthalmic Plastic & Recon i 
structive Surg Symp At: Tanzania Dates 
1/25/90 to 2/8/90 Centaet: Stephan L, Bosniak, 
MD, 300 Central Park W, New York, NY 10024; 
(212) 769-0740 one 










Eighth Symp of the Internat! Soc on Metabolic hs. 
Eye Dis-A Satellite Symp of the Internati Con- 
gress of Ophthalmo! At: Bangkok, Thailand 
Dates: 3/12/90 to 3/16/80 Contact: Heskel M. 
Haddad, MD, Prem Chairman, 1125 Park Ave, 

New York, NY 10128; (222) 427-1246 


Fourth Cong of the Garman Implant Soc At: Es- > 
sen, West Germany Dates: 4/6/90 and 4/7/90 =; 
Contact: K. Schott, MB, Evgl Krankenhaus —- 
Essen-Werden, Augenabéeilung, Pattbergstri- 
3, 43 Essen 16 (Werden), West Germany = 





The Cornea --1990 


February 10, 1990 


Manhattan Eye, Ear and Threat Hospital — 


New York, NY 


CURRICULUM: This course will cover Corneal Aeon 
Corneal Modeling Systems, Excimer Laser Lamellar Refractive 
Keratoplasty, the Management of Pseudophakic Bullous 
Keratopathy, Diagnosis and Management of F 
Ocular Disease, Management of the Dry Eve Patient, Update on 
Keratomileusis and Epikeratophakta, Collagen Lenses, Manage- 
ment of Keratoconus, Long Term Storage of Corneal Tissue, 
Acanthamoeba Keratitis, Partial and Total Therapeutic i aa 
tival Flaps, T-Cuts for Corneal Astigmatism. 


COURSE DIRECTORS: Sandra Belmont, M.D., David Haight, M.D., 
Richard Troutman, M.D. 


FACULTY: Drs. P. Asbell, S. Belmont, D. Buxten, }. Buxton, K. Buzard, 
E. Donnenfeld, S$. Draga, G. Dunham, M. Friedlander, R. Gibralter, 
D. Gormley, D. Haight, }. Hunkeler, S. Mandelbaamm: M. Newton, T. Perl, - 
C. Roberts, O. Serdarevic, M, Starr, C. Swinger, D. Taylor, S. Trokel, 





derpes Simplex 


LIMITED REGISTRATION, CME CATEGORY 1 ACCREDITATION an 
For Information Contact: 


Francine Leinhardi, Coarse Coordinator 
` Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street, NYC, NY 10021 $ 
(212) 838-9200 ext. at FAX an aa s 






























BASIC SCIENCE COURSE IN OPHTHALMOLOGY 
| AT STANFORD 
July 2 through August 31, 1990 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center and presented in 
cooperation with the University of California, Davis; Pacific Presbyterian Medical Center: and the University 
of California, San Francisco. 


i am the fundamentals of ophthalmology, through intensive lecture and laboratory work, at beautiful 
anford University near San Francisco. Both American and foreign participants are welcome. 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology and Biochemistry, 
mbryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro-ophthalmology, Fluorescein 
igiography, Optics and Theory of Refraction, and other important shorter subjects. 





instructors include Doctors C. Beard, J. Bettman, D. Char, C. Dawson, D. Demartini, R. Dryden, P. Egbert, 
J. Eliason, M. Fishman, A. Flach, D. Guyton, J. Hetherington, C. Hoyt, M. Marmor, G. Paris, H. Schatz, 
A. Scott, W. Scott, R. Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and many others on the 
culty of 60. 





Tuition is $1600. For further information and application forms, please write to Basic Science Course; 
<P. R: Egbert, M.D., Director; Department of Ophthalmology, A-157; Stanford Medical Center; | 
Stanford, CA 94305-5308. 


Howarp UNIVERSITY COLLEGE OF MEDICINE 
Division of Ophthalmology 
in cooperation with 


St. Croix Hospital 


JNIVERSITY OF CALIFORNIA, SAN DIEGO 
> _ DEPARTMENT OF OPHTHALMOLOGY 


presents 
DVANCES IN GLAUCOMA THERAPY 
1990 
es FEBRUARY 2 - 3, 1990 

_ SHERATON GRANDE TORREY PINES 
LA JOLLA, CALIFORNIA 








GUEST SPEAKERS 
E. M. Van Buskirk, M.D. - Portland, OR 
M. Bruce Shields, M.D. - Durham, NC 
Harry Quigley, M.D. - Baltimore, MD 
Yoshiaki Kitazawa, M.D. - Gifu, Japan 
- Joseph Caprioli, M.D. - New Haven, CT 


March 9-10, 1990 


St. Thomas, U.S. Virgin Islands 


Guest Faculty Includes: 

Hugh Vaughn, M.B.B.S. - Kingston, Jamaica 
Oliver Schein, M.D.-Boston, MA 
David Sliney, M.S.- Aberdeen, MD 

Richard Young, Ph.D.- Los Angeles, CA — 
Leonard Parver, M.D.- Waringin DC 





PICS COURSE DIRECTORS 
) scleral Ciliodes- | Robert N. Weinreb, M.D. 
ve Surgery Mark E. Loane, F.R.A.C.O. 


FOR FURTHER INFORMATION 
Michelle Elig 

| Course Coordinator oe 

: the Effec- | UCSD/Ophthalmology,. T014 
ness of Treatment |La Jolla, CA 92093 

z TOE {12 543-6044 







For information write: 
Claude L. Cowan, Jr., M.D. 
Howard University Hospital Division of Ophthalmology 
2041 Georgia Avenue, N.W. 
Washington, D.C. 20060 
(202) 865-1257 









Panak | Pediatric Ophthalmology 
ate l l iMiLial@anrerthitn | Pee tee Gee See Pera Pa a af 3 
De EREN A and Strabismus Update 1990 
INDEX TO ADVERTISERS bas eae ere tae Satie 3 







ARETE EMT EER EERE TADS DREHER SEARED EEE HET EERE ERP ERATE EE REET ED DY 


FANE AOE EER ERE EKER EE THR EME THE ER EHER RAD AH TRH ET 


es a eee PAG EI ea 2, 8-10, "24, 
F 33- 34, 102-103, 152, Cover 4 





















Bascom Palmer Eye Insti tate ccecccesncissetssrwiticsectrcrtaeiien - May 5, 1990 
Baylor College of Medicine ..eseeisrsesesssrsererserersererronroroaresareraee 143 Manhattan Eye, Ear and Throat Hospital 
New York, NY 













CURRICULUM: This course will cover major topies in Pediatric 
Ophthalmology including: Visual evaluation in ehildven, Cornea aa 
Cataracts, External Disease, Retinopathy of Prematurizy, Tumors, ` : i a os 
Strabismus, Lyme Disease, Proptosis, Nystagmus, Armblyopia, Uvan 
Glaucoma Ptosis, Lacrimal Disease, Trauma. 


COURSE DIRECTORS: Norman B. Medow, M.E, itene Magramm : 


FACULTY: Drs. Scott Brodie, Joseph Calhoun, Anthony Caputo,. Alfred. : 
Cossari, Howard Eggers, Caleb Gonzalez, Martin Lederman, Andrew. _ 
Levada, Irene Magramm, Norman Medow, Richard Maichnick, Elizabeth 
Naidu, C.O., Paul Owens, Barry Pinchoff, Edward Ragb, Renee Richards, cos 
Steven Rubin, Abraham Schlossman, John Simon. Marilyn Stemgesser, - 
Ed.D., Kathleen Stern, Robert Strome, Suzanne Verony eau-Troutman, 
Rudolph Wagner, Frederick Wang, Maynard Wheeler 


LIMITED REGISTRATION, CME CATEGORY ACCREDITATION. 
For Information Contact: Francine Leinhardt. Cowrse Coordinator 2 Sii 
Manhattan Eye, Ear and Throat Hospital 


210 East 64th Street, NYC, NY 10021 > = 
(212) 838-9200 ext. 2776 =AX (212) 832-9126 | ae 
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April 19-22, 1990 
The Westin Peachtree Plaza 
Y usrarueepexenereresreseuursursrevarseae Atla nta i Georgia 
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Consider the challenges and prospects fer “Assuring 
the Public's Health” at the Seventh Annual National = 
Preventive Medicine Meeting in Atlanta, Georgia. More 
than 200 experts will lead educational sessions on such `> 
topics as the future of public health, drug testing, 
educating and training public health proiessionals, — : 
worksite health screening, passive smoking, STD’s in -` 
men, care for the poor and uninsured, health problems aoe 
in urban settings, environmental risks, and many more a 
relevant issues. aR 
Attend computer demonstrations plus Daa on a 
sexual history-taking, electronic network:ng through « 
BITNET, putting prevention into practice, and | 
communicating with legislators, i 
Take part in this exciting program. Earn over 25 CME 
credit hours. Contact the Meeting Manager at. (Om Te 
2928 for PREVENTION 90 Epokanga information, 


PREVENTION 90 
1030 15th Street, NW, Suite 410 
Washington, DC 20005 
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BJECTIVES 

mprove basic and clinical knowledge in ophthalmology 

\ssist residents and fellows to study efficiently 

repare candidates to take board examinations 

ide Practicing ophthalmologists with a review and update 


METHODS 


as outstanding. The most pleasant thing was learning a tremendous amount, 
rid-famous authorities but from people who are relatively unknown as well." ‘ 


Ocular Surface 
External Disease 
Cornea 
Conjunctiva 
Sclera 


Anterior Segment 
Anterior Angle 
Glaucoma 
Lens 
Trauma 

Orbit and Adnexa 
Orbit 
Eyelids 
Lacrimal System 
Plastic Surgery 


Medical Problems 
Immunology _ 
Endocrinology _ 
Systemic Diseases 
Emergencies 


Ophthalmic Pathology 
Adnexa and Orbit 
External Eye 
Anterior Segment 
Posterior Segment 


Other Activities 
Pathology Laboratory 
Written Exam 
Oral Exam 
Exam Review 


| pic man Ootee 
miramen Errors 








Uveal Tract 
Ocular Tumors 


aa 
a” 








= Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION : 











For:[] April 13-18, 1990 — Chicago 
0 May 2-7, 1990 — San Francisco 





RARAHRHEREHNHEMAHREHHE HER 


2 $0041 Dawn Lane, Dept Al WET oe 
P.O. Box 2218 C] Check is enclosed for $ 


S Terre Haute, IN 47802 [1 Please send more information. 


AORN ene Ren TR ee ene a senate meena name nate wena nanan ene tenn enan ees anetenneneanensanens 


April B- 18, 1990 — Chicago 
May 5-10, 1990 — San Francisco 
N ovember 8-13, 1990 — San Francisco 


Now, your only BOARD REVIEW just before Written and Oral Exams 


CJ Nov. 8-13, 1990 — San Francisco | 


© nee oes ee tee 


è HOME STUDY MATERIALS consisting ofa syllabus and 
assignments with questions and answers 

e SEMINAR with projection-slide lectures and syllabus 

e PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The course is 
held the week before the written and oral 
exams. Your best value is to repeat the 
seminar for half price the week before 
both the written and oral exams. Topics 
and faculty are upgraded for each 
program. Meeting hotels are chosen for 
the best combination of excellent study 
site and reasonable cost for travel and 
room, Our rates are typically $75 to $95 
single and $95 to $115 double. Please 
await instructions before buying travel 
tickets. 


"eand those little ectras....°* 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest airfare — often 
below super-saver rates. Please call toll- 
free 1-800-548-8185 and identify yourself 
with this Osler course. 


"remarkably complete and pleasant"* 


PLACEMENT SERVICE: For practice 
opportunities write or call 1-800-356-7537. 


* the most education for the money."* 
FEES AND COURSE HOURS: 
e Course Hours: 

e Practicing Ophthalmologists: 

e Residents and Fellows: $460 
e Repeating course within 3 years: half price 
e Add 10% within 10 days of the couse. 

e Fees do not include lodging or meals 

è Attendees not in course hotel add $11/day. 
e A deposit of $50 will reserve your position. 


è Most home study material will be mailed 
after half of the registration fee is received. 


: REFUNDS: Subject to a $50 fee, refunds | ss 


will be made up until the seminar begins. fb 


¢Cancellation after home study 


material requires retention of half the fee. i E oe 


"I feel [the course] helped me pass ...."* 


INFORMATION: 

Joseph: H. Selliken, Jr., M. D. 
-THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
- (800) 356-7537 or Sa 299-5658 


























Presenting... 


American Me 


Comes of Ag : 
1840-1920 E 


The collected essays marking the centennial celebration of 
The Journal of the American Medical Association. 


Table of Contents 

E The British Backgrounc for American — 
Medicine | 

WE Medical Education: The Early Phases 

E Medical Sects and Ther influence 

E The Founding of the American Medical 
Association 

E The ‘Old Code’ of Medica! Ethics and 
Some Problems It Had to Face 

E Medical Education: The AMA Surveys 
the Problems 

E The Painfully Slow Procress in Medical 
Education 

E Germ Theory and Its Iniuence 

@ The AMA Gets a New Code of Ethics 

E The Changing Scene > 

E Medicine Seeks to Be ‘Scientific’ : 

E Clinical Laboratories Become Important, 
1870-1900 

E The Founding of JAMA, 1883 

E Medica! Journalism, 1847-1383 

E Clinical Science Gets Enthroned: Part | 

E Clinical Science Gets Enthroned: Part Il 

@ Medical Education: Elitsm and Reform 

E Medical Education: The Problems Intensify 

E Medical Education: The Decade of Massive 
Change 

E The Flexner Report of 1910 

E Medical Practice: Specialization 

E Medical Practice: Makirg a Living 

E The Automobile Makes an Impact 

E The Continuity of History 

Format: 818" x 1034”, 115 pages, detailed 

bibliographic notes, soft bound, ISBN 

0-89970-177-9 
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Dr. King’s other books or medical history and 
philosophy include: The Growth of Medical 
Thought (1963), The Road to Medical En- 
lightenment (1970), The Phiiosophy of Medi- 
cine (1978), Medical Thinking: A Historical 
Preface (1982). 

To add a copy of this special collection of es- 


says to your personal library, mail the order 
certificate at the left. 


iL 80616-0946 








ve y phone with Visa Less 20% AMA Members $ | 
or MasterCard, call toll free 
4-860-621-8935. Plus appropriate Saies Tax for | 
residents of CA, DC, IL& NY $ | 
Or compiete and mail to... TOTAL a $ Ea 
Bock & Pamphlet Fulfilment, OP-+ 84 C] Enclosed is my check payable | The Author i 
American Medica Association to the American Medical Association | Lester S. King, MD 
RO. Box10946 C MasterCard [1] Visa : 
| 





Card No. 


m 





Expiration Date Phone 





paean 


Cardholder signature 


. Please allow 4-6 weeks for delivery. 
* Prices subject to change without notice 
* Quality discounts — 312-280-7168. 
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CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 Times 
T or more’ 
Cost per word $ .95 $.85 
Minimum 20 words. per issue 


“in order to earn the three-time rate. your ad must be placed 
and prepaid at the same time tor three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
| one word, and figures consisting of a dollar 
| Sign-and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Sait Lake City.” Zip code is 
_ considered one word and must appear in all 
- ads. Telephone number with area code is 
-considered one word. When box numbers are 


used for replies, the words “Box C/O 
AOP” are to be counted as three words. 
- Classified Display 1 Time 3 Times 
| Full page $630 $580 
“| Two-thirds page 539 496 
` One-half page 476 438 
_| One-third page 378 348 
| One-sixth page 252 232 
Column inch 55 50 


_| Minimum display ad: one column inch 
-| 12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
| billed to the advertiser and/or agency at the 
-| then prevailing rates. 


-| Box Service 


| Available for all ads. The cost is $10.00 for the 
| first issue only. Responses to your ad will be 
| consolidated in our office and promptly 
mailed directly to you. 


| Closing Date 
‘The 25th of the second month prior to issue 
date. Example: The November issue closes 


4. September 25th. No ads can be cancelled 
| after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 


Nationa! 800-237-9851 
Florida 800-553-8288 0 Local 813-443-7666 





All classified advertising orders, correspondence and payments should 
Clearwater, Florida 34617. Our telephone numbers are: Nationa! 800- 66. 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All rephes must be in writin 
, c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not perm 
mail sent in care of Archives of Ophthalmology. 





































SURGICAL OPHTHALMOLOGIST with interest in 
IOL's, lasers, cornea glaucoma, plastics, strabis- 
mus, external diseases. Guaranteed base with 
bonus incentive. Also, medical ophthalmologist, 
$125,000. Start option available. Large volume, well 
respected, expanding practice. New equipped 
clinic. Laser Center and Ambulatory Surgical Cen- 
ter. Send CV in confidence to: Don McCrumb, The 
Valiey Eye Institute, 1680 East Herndon Avenue, 
Fresno, CA 93710. 


OPHTHALMOLOGY 
PEDIATRICS/ RETINAL SPECIALTY 
Board-eligibte’-certified pediatric and retinal ophthai- 
moiogists to join our five-physician ophthalmic group 
practice. Our group practice is located 1% hours 
northwest of Philadelphia, Pennsylvania. Excellent 
medical community and family environment. Modern. 
well-equipped office with certified ancillary staff. The 
position offers excellent salary and fringe benefits 
with opportunity for partnership. interested indivi- 
duals snouid send curriculum vitae to. 
Mr. David L. O'Donnell at 
West Reading Ophthaimic Associates 
206 South Sixth Avenue, West Reading, PA 19611 
Or telephone: (215) 378-1348 


OPHTHALMOLOGIST sought as partner in busy 
Surgical practice in central Hlinois. (Practice 
includes cornea specialist, retinal specialist, and 
two general ophthalmologists.) Faculty position 
possible with University of Illinois College of Medi- 
cine at Peoria. Qualifications: Board-eligible/ 
-certified. Fellowship preferred but not required. 
Excellent compensation package. Send curriculum 
vitae to: Pete Lagouros, MD, Illinois Eye Center, 
1200 Hamilton Boulevard, Peoria, IL 61606. 





MEDICAL OPHTHALMOLOGIST — Large two- 
office surgical referral practice needs associate 
medical ophthalmologist to support busy Surgical 
practice. Minimal primary care or refractions. Mid- 
Atlantic location. Box #609, c/o AOP. 





RETINAL SPECIALIST — Medical/surgical needed 
for large, well established practice. ideal situation 
for surgeon with several years experience. Lovely 
community, conveniently located 1% hours from 
Philadeiphia and New York City. Please send CV to: 
MD, Box 4172, Allentown, PA 18105. 





Vitreoretinal Specialist 


Two retinal specialists seek an associate for 
vitreoretinal practice. Applicant must be ret- 
inal fellowship trained. Practice will be 
exclusively retina. Located in south Florida. 
Send resume and salary expectations to: 


P.O. Box 06559, Ft. Myers, FL 33906 


CLEMSON — Very busy general surgicai/medical 
ophthaimology practice needs associate, Great 
financial opportunity in a beautiful university town 
in the foothills of the Great Smoky Mountains. Must 
be personable, caring and of the highest integrity. 
Send CV to: Clemson Ophthalmology, P.A., P.O. 
Box 1666, Clemson, SC 29633. 





POSITION AVAILABLE: Three physician, busy 
ophthaimology department needs another BE/BC 
ophthalmologist by July 1990. New eye center 
under construction. Located near large major 
recreational lake, less than one hour from down- 
town Dalias. Please send CV to: Kent Rogers, MD, 
Medical Director, Medical Arts Clinic, Department 
ODAO, 301 Hospital Drive, Corsicana, TX 75110. 
EOE. 












be directed to: Archives of Ophthalmology, P.O. Box 1510, 
237-9851, in Florida 800-553-8288; Local 813-443-7666. Please do 


g and must cite the box number in the ad. Example: 
itted to divulge the identity of advertisers who wish their 


SOUTHERN CALIFORNIA — Ophthalmologists. 
CIGNA Healthpians invites you to join our innova- 
tive and dynamic managed health care team. Our 
multi-disciplinary HMO practice provides a suppor- 
tive and collegial work environment at 31 locations, 
You will enjoy a wealth of cultural and recreational 
activities, access to major academic centers and 
an excellent compensation package. Call collect: 
{818) 500-6570. Or send CV to: Robert Harrington, 
MD. Professionai Recruitmeni, CIGNA Healthplans 
of California, 505 North Brend Boulevard, Suite 


400-33, Glendale, CA 91203. 


OPHTHALMOLOGIST: Cataract practice in the San 


Diego area is seeking an outstanding ophthalmolo- 
gist — subspecialty preferred. Please send CV to: 
Anderson Eye Institute, 3939 Third Avenue, San 


Diego, CA 92103. 


NORTHERN CALIFORNIA — The Permanente 
Medical Group, a growing muiti-specialty group, is 
seeking a BC/BE ophthaimciogist for our Sacra- 
mento facility. Subspecialty training in cornea/ 
external disease preferred but not required. Present 
Staff includes 13 ophthalmologists and 16 optome- 
trists serving over 400,000 patients. Competitive 
Salary and outstanding benefits. Send CV to: James 
E. Hine, MD, Chief, Department of Ophthalmology, 
The Permanente Medical Group. Inc., 2025 Morse 
Avenue, Sacramento, CA 95826. EOE. 


PEDIATRIC OPHTHALMOLOGIST 
GENERAL OPHTHALMOLOGIST 
Minneapolis/St. Paul 
Two BC/BE physicians to join staff of nine ophthalmoato- 
gists in one of the oldest pre-paid. multi-specialty group 


practices in the midwest. Superb:compensation package 
with an extremely stimulating practice environment. Please 
send curriculum vitae to: 
Physician Services, Group Health, inc. 
2829 UNIVERSITY AVENEE SOUTHEAST 
MINNEAPOLIS. MIN 55414 





WISCONSIN — The Ashland Eye Clinic, S.C., a 
prosperous, long established practice located in 
Ashland, Wisconsin on Lake Superior, needs one 
BC/BE ophthalmologist now and another within 2-3 
years. Competitive salary plus incentive first year, 
then negotiable buy-in as present two partners wish 
to retire within five years. Clinic building is attrac- 
tive, modern, spacious and fully equipped, with new 
physician-owned optical, weil trained staff and low 
overhead. Four-year college and vocational college 
in Ashland, with graduate programs within commut- 
ing distance. Modern, 100-bed hospital with 37 phy- 
sicians on staff. Great fishing. sailing. skiing, ski- 
flying and hunting. Please call: Kenneth A. Morrow, 
MD (715) 682-8146; or Jorn W. Doty. MD (718) 
682-9298, collect, evenings. Or write, enclosing CV: 
P.O. Box 233, Ashland, W! 54806. 


PEDIATRIC OR GENERAL OPHTHALMOLOGIST: 
East coast — Enchanting New England coastline 
community. Dynamic, caring practice seeks a pedi- 
atric ophthalmologist or general ophthalmologist 
with strong interest in children, to assume estab- 
lished pediatric ophthalmology position. Further 
interest in ophthalmic plastics also desirable. Con- 
tact: Katie Murphy, (508) 746-8600. 177 Sandwich 
Street, Plymouth, MA 02360. 


Tei eis ie, Se sn cP a ee ee oR 
OPHTHALMOLOGIST — ARIZONA: Immediate 
opening for locum tenens 6 months or extended. 
Glaucoma or plastics preferred, BC/BE only. Lear 


Eye Clinic, 10615 Thunderbird, Sun City, AZ 85351. 
ESE A ENR 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number, , c/o AOP., 
P.O. Box 1510, Clearwater. FL 34617. 
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THAL PENNSYLVANIA — Very busy general 
cal/medial ophthalmologist needs associate. 
> be BC/BE. Subspecialty interest desirable, but 
“pot essential. Excellent professional opportunity in 
‘erapiely growing, economically sound community 
_-yeithiredrivingedistance of New York, Philadelphia, 
- Baltircore and Washington. Skilis in medical retina 


1 could axpand: oractice but are not required. Forward 


: GV toe Schein Eye Associates, 2509 North Front 
| Street Harrisburg, PA 17110. 


OPHTHALMOLOGISTS — Join the fight against 
-worldwide blimdness, Christian Blind Mission Inter- 
| Rational, established in 1908, is dedicated to helping 
ind and handicapped people in developing coun- 
ties, rough medical, educational and rehabilita- 
_ bon Services. Long-term positicns available to train 
national physicians in ophthalmology and develop 
: gye care programs. For information contact: Over- 


=i geas Versonrel Department, CBM international, 


EO bee 175, Wheaton, iL 60189. eet 690-0300. 


pacto with extensive peer ENEE 
i primery care. Recent giaucoma fellowship 
prefermad. Mid-Atlantic location. Box #608, c/o AOP. 


“41 RETINA SPECIALIST — State University of New 
zi York æ Stony Brook School of Medicine. MD with 
| board-certificetion or -eligible and completion of 
fellowsnip prowram in retina subspecialty training. A 
background ir ERG and pediatric retinal disease is 
preferred. Recruiting at assistant professor level to 
complement existing faculty in clinical, research 
anc.administretive capabilities, including the teach- 
| ing and superwwsion of students, residents and other 
faculty: Competitive salary and generous benefits 
“| package. Position available January 1, 1990, but no 
| jeter than duy, 1990. To apply. forward CV to: Br. 
Pa y olub, SUNY at Stony Brook, Department of 
wology, HSC L2/152, Stony Brook, NY 

24. Equal opportunity employer. 


OPHTHALMOLOGIST 


Thriviag, established Ohio 
practice consisting of four 
ophthalmologists and 
ctolaryngologist | is expanding 
to subspecialty care. 


All in Bouse equipment, 
incl uding Yag and 

Argon Krypton lasers. Strong 
raferral base quarantees good 
income. Excellent benefits 
and easy practice buy-in to 
full partnership. 


Applicants should be board- 
certified or -eligible with 
good surgical skills and 
patient rapport. 


ai =eply to 
J -BOX #603, c/o AOP 


Subspecialty 


Ophthalmologist 


Kansas City 


Fellowship trained ophthalmologist 
to join two board-certified general- 
ists and establish first subspecialty 
department. 


Ultra-modern office with state-of- 
the-art equipment and vigorous 
growing practice. Some general 
Ophthalmology until subspecialty 
established, Ethical. Stimulating 
environment, clinical research, 40 
papers published from our practice. 


Exceptional offer — salary, fringes, 
production incentive. 


Contact: 


John C. Hagan l, MD, FACS 
Midwest Eye Institute 
of Kansas City 


2700 Hospital Drive 
North Kansas City, MO 64116 


Pediatric 
Ophthalmologist 


Marshfield Clinic is seeking a fellowship- 
trained Pediatric Ophthalmologist to 
join its 9 member Ophthalmology De- 


partment. Existing staff includes spe- $ l 
cialists in retina, carnea, glaucoma, $| 


neuroophthalmobgy and general oph- $ 
thalmology. The fe 

nation’s largest mul uspecialty clinics . 
with over 300 physiciansserving Central - 
and Northern Wisconsin. Outstanding | 
Department of Pediatric subspecialists. ` 
to support your practice as well. if inter- 
ested please contact: 


James Holzberger, M.D. E 
Department of Ophthalmology = = 
By calling collectat 71 5-387-5236 


MarshfieldCinic 


liric is one of the $i 


Ophthalmologist 
Pittsburgh, Pennsylvania 


A two-physician Ophthalmology group, in the rap:dly-growing 
northern suburbs of Pittsburgh, is seeking a general Ophthal- 
mologist to join their busy practice. 


Office location is adjacent to a suburban hospital which offers the 
latest in surgical technology. Numerous procedures are also per- 
formed in the office with state-of-the-art equipment. Clinical ap- 
pointment at the University of Pittsburgh Medical School will be 
required. 


Board Certified Ophthalmologists are encouraged to apply. 
Interest in Pediatrics a plus. Compensation mclades salary, 
incentive bonus, benefits and partnership plan. 


All inquiries held in strict confidence 
Contact: Gary L. Schaffer, Vice President 


DANIEL STERN & ASSOCIATES 


Suite 240 The Medical Center East 
211 North Whitfield Street 
Pittsburgh, PA 15206 


800-438-2476 



































INNERST S PENASTE 

FACULTY POSITIONS AVAILABLE 
DEPARTMENT OF OPHTHALMOLOGY 
SCHEIE EYE INSTITUTE 


Presbyterian Medical Center 


The University of Pennsyivania School of Med- 

icine, Department of Ophthalmology. invites 

ci applications for full-time faculty positions at 
|. the rank of Assistant Professor. 


| We seek a Director of Outpatient Services at 
>the Veterans Administration Hospital. Respon- 
sibilities include outpatient clinic, evaluation 
of Veteran compensation, resident teaching 
and surgery and coordination of outpatient 
f activities. As a general rule, only candidates 
“who have had one or more years of post- 
residency training and/or equivalent expe- 
_ rience will be considered. 


| We also seek a Board-certified ophthaimoio- 
1. gist who has had a minimum of 12 months 
| fellowship training in glaucoma. Duties include 

-teaching residents and medical students and 
-patient care. A strong interest in laboratory 
and clinical research is highly desirable. 


-The University of Pennsylvania is an equal 
“Opportunity employer. For each academic 
“position, salary is commensurate with expe- 
| rience and qualifications. Please submit appli- 
- cations together with curriculum vitae and bib- 
liography to: 


William C. Frayer, M.D. 
Professor and Acting Chairman 
Department of Ophthalmology 
Scheie Eye Institute 
51 North 39th Street 
Philadeiphia, PA 19104 







LOYOLA UNIVERSITY 
CHICAGO 


The Department of 
Ophthalmology at Loyola 
University Chicago is seeking two 
full-time staff members with 
subspecialty training in glaucoma 
and cornea/external disease. 


Loyola University Medical Center 

is located in the western suburbs 

{| of Chicago, adjacent to the 

11 affiliated Hines VA facility. 
Applicants must have completed 

an eye residency and appropriate 
fellowship training. 
Responsibilities include patient 
care, teaching, laboratory and 
clinical research. 


Send curriculum vitae, list of 
| references and other support 
= information to: 


‘Walter M. Jay, MD, Chairman 
_ Department of Ophthalmology 
| LOYOLA UNIVERSITY 

-© MEDICAL CENTER 
2160 South first Avenue 
Maywood, IL 60153 


Loyola University Chicago is an equal 
opportunity educator and employer. 

































FELLOWSHIP: Rae disease fellowship 








available July 1, 1991. Clinical and animal research 
required, Excimer laser available. Contact: Richard 
A. Eiferman, MD, University of Louisville, 301 East 
Muhammad Ali Boulevard, Louisville, KY 40292. 


POSITION AVAILABLE — Vitreoretinal fellowship. 
Immediate opening. Training program for twelve to 
twenty-four months. Includes extensive experience 
with medica! and surgical diseases, clinical research, 
and opportunities for basic research. Respond to: 
James E. Pukiin, MD, Kresge Eye institute, Wayne 
State University, 4717 St. Antoine, Detroit, Mi 48201. 
(313) 577-1320. 





VITREOQUS-RETINAL SURGEON — Minneapolis: 
BC/BE ophthalmologist with subspecialty training 
in vitreous-retinal surgery needed to join the 10- 
member Department of Ophthaimology and serve 
as director of the retinal surgery program of the Park 
Nicollet Medical Center and the International Dia- 
betes Center. Our established vitreous-retinal spe- 
cialty clinic is fully equipped for our high pathology 
practice with laser, ultrasound and fluorescein 
angiography. Our specialty staff includes two 
COMTs and an office assistant. Candidates desired 
with interests in teaching and clinical research. Our 
290-physician multi-specialty medical clinic in the 
attractive Minneapolis/St. Paul area is highly repu- 
table, well-established and has been in existence for 
38 years. Salary and benefits would be exceptional. 
Send CV and letters of inquiry to: Patrick Moylan, 
Park Nicollet Medical Center, 5000 West 39th Street, 
Minneapolis, MN 55416. 





THRIVING SOLO BAY RIDGE, Brooklyn ophthal- 
mology practice for sale. Argon laser, B scan, etc. 
Doctor will introduce. Box #605, c/o AOP. 


LSU 
EYE CENTER 


FACULTY POSITION AVAILABLE 


PEDIATRIC 
OPHTHALMOLOGIST 


Applicant must be board- 
certified and have had 
fellowship in pediatric 
ophthalmology. Interest or 
training in neuro- 
ophthalmology desirable. 


Interested applicants send 
curriculum vitae and 
bibliography to: 


Herbert E. Kaufman, MD 
LSU EYE CENTER 

2020 Gravier Street, Suite B 
New Orleans, LA 70112 


LSU Medical Center isan 
equal opportunity/affirmative | 
action employer. 


































RETINA/ VIT REOUS | | 
OPH THALM OLOGY 


FACULTY POSITION 


Retina/ Vitreous faculty position avail- 
able, to begin-on or before 01 July, 1990. 
Faculty member wanted to join a busy 
academic practice with numerous clini- 
cal and basic research opportunities 
available. State-of-the-art clinical and 
surgical equipment is available in a 
modern clinical and hospital setting. 
Opportunities exist for research in digital 
imaging, proliferative vitreoretinopathy, 
laser, visual function testing, and elec- 
trophysiology. Salary and academic rank 
are commensurate with experience. 
interested individuals should forward 
curriculum vitae and four references to: 


Donald R. May, MD 
Professor and Chairman 







































Department of Ophthalmology 
. _& Visual Sciences 







2 Texas Tech University || 
' Health Sciences Center 























Lubbock, TX 79430 (806) 743-2412 |p 


Texas Tech University Health Sciences 
Center is an equal opportunity/affirma- 
tive action employer, 







at" Tepe para 
a 
Vy Infirmary 


POSTDOCTORAL i i 


Preresidency, postresidency and PhD | 
postdoctoral fellowships in the following | 
vision research disciplines are offered at 
the Massachusetts Eye and Ear Infir- 
mary, Harvard Medical School, Boston. 

s GLAUCOMA 

e IMMUNOLOGY 

e PATHOLOGY 

® LENS 

ə RETINAL DEGENERATIONS 
e RETINA 

e MOLECULAR BIOLOGY 

e EPIDEMIOLOGY 

The Massachusetts Eye and Ear in- pi 
firmary is an equal opportunity employer 44 
and is specifically pursuing an affirma- pi 
tive action plan to recruit women and 
other minorities into this postdoctoral 
fellowship program in vision research. 
interested parties shouid contact: 

“DEG: Stephen Foster, MD, Director 
Postdoctoral Fellowship Training Grant 

- Department of Ophthalmology 
MASSACHUSETTS 
EYE AND EAR INFIRMARY 
243 Charles Street, Boston, MA 02114 


























Fellowship 
Corneal — 
ternal Disease — 
Contact Lenses/ 
Anterior Segment 


July 
1990-1991 


S Write: 

- Department of 
= Ophthalmology 
CONNECTICUT 
Farmington, CT 

06032 
(203) 521-7500 
Attention: 
.€. Donshik, MD 




















































E ore year anterior segment fellowship 
with emphasis on: 




















æ Phacoemuisification/small 
_incisiond O's 

æ Penetrating keratoplasty 

a Phacotrabeculectomy (combined 

_ phaco and trabeculectomy through 
mmm ircision) 

fractie surgery 

o-retinal procedures/macular 
occagulation 









vailable ir our 30,000 square foot, 
igh volume, regional ASC located 
hin minutes of the west’s greatest 





Contact: 





Tom Lindsay 
THEEYE INSTITUTE 
QF UTAH _ 
__ (801) 263-5712 


= of Utah 








LOCUM TENEN needed for months N 
May 1990 for solo ophthalmology p 
Ridge, Brooklyn. Box #606, c’o AOP. 


DOCTORS: Don't throw your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444, 
(708) 675-2300. Established 1953. 


amman eramana aa annaa 
OMNI-I V-ZONE instrument stand-sink unit, full 
power chair-table (mauve-fawn). Excellent condi- 
tion. Save $4-$5K over isell prices. (316) 231-7990; 
(316) 783-1350. 





















MARYLAND: Board-certified-ophthaimologist with 
current Maryland license seeks full- or part-time 
position. Reply: Box #607, c/e AOP. So 


The Physician You Want! | 


The Archives of Ophthaimology’s classified recruitment saction will deliver ~ 
your message to exactly your target audience — all ophthalmologists. A total - 
targeted physician audience of over 15,000. | aie | 
Send us your advertising order today. Just complete the coupon below and ` 
attach your typewritten copy. The next available issue is March which closes’. 
Thursday, January 25th. si 










The classified rate is $ 95 per word for one issue. For three issues or more, the rate is 
$ .85 per word per issue. Minimum classified ad is 20 words. os 





me woe ements O climates inant we 


~—--~-+--~---ORDER FORM 
PLEASE COMPLETE THE FOLLOWING: 





Insert my ad times, beginning with the . issue. 








Place my ad under the heading 


Enclosed is my check for $ to cover full payment 


of my advertising schedule. 





Institution 








Contact Person a o aa an a a a 


Address 





City . State Zip 








Telephone Number 


Authorized Signature 








COPY FOR CLASSIFIED ADVERTISEMENT: 
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Send all copy and payments to: 
Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 | 
National (800) 237-9851 © Florida (800) 553-8288 O Local (813) 443-7666 





















: 1°(levobunolo! HCl) 


Liquifilm® sterile ophthalmic solution 


© .. @ + + 

Brief Summary of Prescribing Information 
_ INDICATIONS AND USAGE: BETAGAN 0.25% and 0.5% have been 
Shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension, 
_ CONTRAINDICATIONS: BETAGAN is contraindicated in those indi- 
viduals with bronchial asthma or with a history of bronchial asthma, 
; Or severe chronic obstructive pulmonary disease (see WARNINGS); sinus 
bradycardia; second and third degree atrioventricular block; overt car- 
diac failure (see WARNINGS); cardiogenic shock: or hypersensitivity 
fo. any Component of this product. WARNINGS: As with other topical- 
applied ophthalmic drugs, BETAGAN may be absorbed systemically. 
1¢ same adverse reactions found with systemic administration of beta- 
adrenergic blocking agents may occur with topical administration. For 
xample, severe respiratory reactions and cardiac reactions, including 
death due to bronchospasm in patients with asthma, and rarely death 
nassociation with cardiac failure, have been reported with topical appli- 
ation of beta-adrenergic blocking agents (see CONTRAINDICAT IONS). 
Cardiac Failure: Sympathetic stimulation may be essential for su pport 
f the circulation in individuals with diminished myocardial contrac- 
tility, and its inhibition by beta-adrenergic receptor blockade may 
precipitate more severe failure. In Patients Without a History of Cardiac 
Failure: Continued depression of the myocardium with beta-blocking 
gents over a period of time can, in some cases, lead to cardiac failure. 
\t the first sign or symptom of cardiac failure, BETAGAN should be 
discontinued. Non-allergic Bronchospasm: in patients with non-allergic 
bronchospasm or with a history of non-allergic bronchospasm (e.g., 
-chronic bronchitis, emphysema), BETAGAN should be administered with 
caution since it may block bronchodilation produced by endogenous 
and exogenous catecholamine stimulation of beta, receptors. Major 
_ Surgery; The necessity or desirability of withdrawal of beta-adrenergic 
- blocking agents prior to major surgery is controversial, Beta-adrenergic 
receptor blockade impairs the ability of the heart to respond to beta- 
adrenergically mediated reflex stimuli, This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted 
severe hypotension during anesthesia. For these reasons, in patients 
undergoing elective surgery, gradual withdrawal of beta-adrenergic 
receptor blocking agents may be appropriate. If necessary during surgery, 
the effects of beta-adrenergic blocking agents may be reversed by suffi- 
cient doses of such agonists as isoproterenol, dopamine, dobutamine 
of levarterenol(see OVERDOSAGE). Diabetes Mellitus: Beta-adre nergic 
blocking agents should be administered with caution in patients sub- 
ject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic 
agents. Beta-adrenergic receptor blocking agents may mask the signs 
and symptoms of acute hypoglycemia. Thyrotoxicosis: Beta-adrenergic 
blocking agents may mask certain clinical signs (¢.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing thyrotoxicosis should 
be managed carefully to avoid abrupt withdrawal of beta-adrenergic 
blocking agents which might precipitate a thyroid storm. Contains 
sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 
of sulfite sensitivity in the general population is unknown and probably 
low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 
asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HCI) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the im- 
mediate objective of treatment is to reopen the angle. This requires con- 
stricting the pupil with a miotic. BETAGAN has little or no effect on the 
pupil. When BETAGAN is used to reduce elevated intraocular pressure 
in angle-closure glaucoma, it should be used with a miotic and not alone. 
Muscle Weakness: Beta-adrenergic blockade has been reported to poten- 
tiate muscle weakness consistent with certain myasthenic symptoms 














= (eg., diplopia, ptosis and generalized weakness). Drug Interactions: 


BETAGAN should be used with caution in patients who are receiving 
a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from con- 
comitant therapy with BETAGAN and epinephrine may occur. Close 


= observation of the patient is recommended when a beta-blocker is 
~~ administered to patients receiving catecholamine-depleting drugs such 


as reserpine, because of possible additive effects and the production 
of hypotension and/or marked bradycardia, which may produce vertigo, 
syncope, or postural hypotension. Animal Studies: No adverse ocular 
effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment Of fertility: 
In a lifetime oral study in mice, there were statistically significant (p s 











0.05) increases in the incidence of benign leiomyomas in female mice 
at 200 mg/kg/day (14,000 times the recommended human dose for 
glaucoma), but not at 12 or 50 mg/kg/day (850 and 3,500 times the human 
dose). In a two-year oral study of levobunolol HCI in rats, there was 
a Statistically significant (p < 0.05) increase in the incidence of benign 
hepatomas in male rats administered 12,800 times the recommended 
human dose for glaucoma. Similar differences were not observed in rats 
administered oral doses equivalent to 350 times to 2 ,000 times the recom- 
mended human dose for glaucoma. Levobunolol did not show evidence 
of mutagenic activity in a battery of microbiological and mammalian 
in vitro and in vivo assays. Reproduction and fertility studies in rats 
showed no adverse effect on male or female fertility at doses up to 1,800 
times the recommended human dose for glaucoma. Pregnancy Category 
C: Fetotoxicity (as evidenced by a greater number of resorption sites) 
has been observed in rabbits when doses of levobunolol HCI equivalent 

to 200 and 700 times the recommended dose for the treatment of 
glaucoma were given. No fetotoxic effects have been observed in similar 
studies with rats at up to 1,800 times the human dose for glaucoma. 
Teratogenic studies with levobunolol in rats at doses up to 25 mg/kg/day 
(1,800 times the recommended human dose for glaucoma) showed noo 
evidence of fetal malformations. There were no adverse effects on 
postnatal development of offspring. Itappears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no 
adequate and well-controlled studies in pregnant women. BETAGAN |. 
should be used during pregnancy only if the potential benefit justifies _ ns 
the potential risk to the fetus. Nursing Mothers: It is netknown whether 
this drug is excreted in human milk. Systemic beta-blockers and topical 
timolol maleate are known to be excreted in human milk. Caution should 

be exercised when BETAGAN is administered to a nursing woman... . 
Pediatric Use; Safety and effectiveness in children have not been > 
established. ADVERSE REACTIONS: In clinical trials the use of BETAGAN 
has been associated with transient ocular burning and stinging in about 
one in four patients, and with blepharoconjunctivitis in about onein 
20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAIN DICATIONS and WARNINGS). — 
The following adverse effects have been reported rarely with the use . 
of BETAGAN: Iridocyclitis, headache, transient ataxia, dizziness, lethargy, 
urticaria and pruritus. Decreased corneal sensitivity has been noted in 
a small number of patients. Although levobunolol has minimal 
membrane-stabilizing activity, there remains a possibility of decreased 
corneal sensitivity after prolonged use. The following additional adverse 
reactions have been reported with ophthalmic use of beta, and beta, 
(non-selective) adrenergic receptor blocking agents: BODY AS A 
WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 
SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 
Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and. symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due 
to withdrawal of miotic therapy in some cases), diplopia, ptosis. Other 
reactions associated with the oral use of non-selective adrenergic recep- 
tor blocking agents should be considered potential effects with 
ophthalmic use of these agents. OVERDOSAGE: No data are available 
regarding overdosage in humans. Should accidental ocular overdosage 
occur, flush eye(s} with water or normal saline. If accidentally ingested, _ 
efforts to decrease further absorption may be appropriate (gastric lavage) 
The most common signs and symptoms to be expected with overdosage 
with administration of a systemic beta-adrenergic blocking agent are 
symptomatic brodycardia, hypotension, bronchospasm, and acute 
cardiac failure. Should these symptoms occur, discontinue BETAGAN 
therapy and initiate appropriate supportive therapy. The following sup- 
portive measures should be considered. 1) Symptomatic bradycardia: 
Use atropine sulfate intravenously in a dosage of 0.25 mg to 2 mg to 
induce vagal blockage. If bradycardia persists. Intravenous isoproterenol 
hydrochloride should be administered cautiously. In refractory cases 
the use of a transvenous cardiac pacemaker should be considered. 
2) Hypotension: Use sympathomimetic pressor drug therapy, such as 
dopamine, dobutamine or levarternol. In refractory cases the use of 
glucagon hydrochloride may be useful. 3) Bronchospasm: Use isopro- 
terenol hydrochloride. Additional therapy with aminophylline may be 
considered. 4) Acute cardiac failure: Conventional therapy with digitalis, 
diuretics and oxygen should be instituted immediately, In refractory 
cases the use of intravenous aminophylline is suggested. This may be 
followed, if necessary, by glucagon hydrochloride which may be useful. 
5) Heart block (second or third degree): Use isoproterenol hydrochloride 
Of a transvenous cardiac pacemaker. r 
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The TXR phaco handpiece and 
+ips are designed to deliver very 
smooth eirtually “bubble-free” 
emulsification for visual clarity 
throughout the procedure ...and 

“lens chatter” is minimized. 


Added contro: and confidence 
with safe on Gemand reflux for 
incarcerated tissue or for maintain- 
ing the anterior chamber when 
entering the eve. 
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SITE PERISTALTIC M 


CLOSED OPEN AUTO 


A nah a hi fo on m 
KVeli ae Tales 
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Six-roller peristaltic pump 

head and fluid venting provide 
smooth aspiration flow to main- 
tain a consistent chamber 
without surges or fluctuations. 


54 KHz phaco system provides 
the power to emulsify the 
hardest of cataracts...with low 
end power control, down to 
10%, for the most delicate 

of procedures. 
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Peristaltic pump head with six-rollers 
delivers smooth uniform “futter-free” 
flow across the entire variable 
aspiration range 


True TXR modularity allows 
overnight servicing, economical 
upgrades as required and virtually 
eliminates obsolescence. 


SO! AIl of these TXR 
features combine to provide 
unsurpassed control for the most 
delicate and difficult procedures. 

Now you have the option of a 
Peristaltic or Diaphragm System 
and a choice of four TXR micro- 
surgical modues to meet your 
surgical needs. 


JOL-1364 
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In a world of hype and exaggeration, diagnosed open-angle glaucoma or ocular 
new Betagan® 0.25% is that rare exception. hypertension patients with Betagan 0.25%. 
It is not bigger or faster and it won't give @ _ its the one with the levobunolol concentra- . 


you more. tion on the bottom and the commitment to 

What new Betagan 0.25% gives you, your patients on top. 
in fact, is less. But, that’s what makes it an O ® 

? PA : O 

cre nee Betagan 0.25% 

Because Betagan (levobunolol HCl) l 
0.25% is safe and effec- O Liquifilm™ sterile ophthalmic solution 
tive and gives you, for with C Cap™ Compliance Cap B.I.D. 





the first time, the option of beginning As with other topically applied ophthalmic drugs, Betagan may =» 

your patients on 0.25% or05% Betagan. be absorbed systemically. The same adverse reactions found č 

d . e with systemic administration of beta-adrenergic blocking agents 
So consider Starting your newly @ may occur with topical administration. 


Befagan® 
(levobunolol 
HCI) 0.25% 


Liquifilm® sterile — 
Ophthalmic solution with 


TM 
6 Cap 


COMPLIANCE CAP ` 


See adjacent page for 
O O o brief prescribing information 
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Outcomeology — | T. J. Zimmerman - 
Vitamin A Deficiency and Xerophthalmia A. Sommer 
Journal Peer Reviewing L. DeBakey 
Corneal Perforation in Patients With Vitamin A Deficiency in the United States E. P. Suan, 
E. H. Bedrossian, Jr, R. C. Eagle, Jr, P. R. Laibson 
¥erophthalmia and Cystic Fibrosis H. L. Brooks, Jr, W. T. Driebe, G. G. Schemmer 
Visual Acuity Loss in Retinitis Pigmentosa S. A. Madreperla, R. W. Palmer, 


R: W. Massof, D. Finkelstein 


Combined Phacoemulsification and Pars Plana Vitrectomy S-B. Koenig, D. P. Han, W. F Mieler, 
G. W. Abrams, G. J. Jaffe, T. C. Burton 


Computer-Assisted Corneal Topography in Tany Members of Patients With Keratoconus 
Y.-S. Rabinowitz, J. Garbus, P. McDonnell 


Electrophysiological Changes in Juvenile Diabetics Without Retinopathy — S. Juen, 
G. F: Kieselbach 


"ysiinjurjoa] in Children in Israel | 27 oor M. Romem, M. Kinek, R. Koval, 
; : J. Teller, M. Belkin, N. Yelin, L. Yanco, H. Savir ‘3 


Inhibition of Blood-Aqueous Humor Barrier Breakdown With Diclofenac M. C. Kraff; 
| D. R. Sanders, L. McGuigan M. Raanan 


Critical Evaluation of the Cocaine Test in the Diagnosis of Horner’s Syndrome R. H. Kardon, 
C. E. Denison, C. K. Brown, H. &. Thompson 


Management of Congenital Laerivtial Sac Fistula - L D. Birchansky, J. A Nerad 
A.C. Kersten, D. R. Kulwin — 
Nasolacrimal Duct Obstruction After Endoscopic Sinus Surgery ‘ ! C. L. Serdahl, 
C. E. Berris, R. A. Chole 
Quantitative Regional Siricuiro i the Normal Human Lamina Cribrosa L. Dandona, 
KA. A. Quigley, A. E. Brown, C. Enger 
Thadénedtuted Palinopsia l > M, S. Hughes, S. Lessell ` 
A 32-Year Follow-up of the Rigid Schreck Anterior Chamber Lens `- V. Rummelt, G. K. Lang, 
| l = _ M. Yanoff, G. O. H. Naumann 
Conjunctival Concretions ` S.-W. Chang, P.-K. Hou, M.-S. Chen 
Vitreous Cefazolin Levels After Intravenous Injection | DiR Martin, L. A. Ficker, H. A. Aguilar, 
S. K. Gardner, L. A. Wilson, T.A. Meredith 
` Bovine Retinal Explants Cultured in Collagen Gels J. V. Forrester, A. Chapman, C. Kerr, 


J. Roberts, W. R. Lee, J. M. Lackie 


Ultrastructural Localization of Extracellular Matrix Components in Human Retinal Vessels 
and Bruch’s Membrane A. Das, R. N. Frank, N. L. Zhang, T. J. Turczyn 


Glaucoma Filtration Surgery in Monkeys Using 5-Fluorouridine in Polyanhydride Disks 
H. D. Jampel, K. W. Leong, G. R. Dunkelburger, H. A. Quigley 


The Tight Retracted Lower Eyelid R. G. Small, M. Scott 
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* polypropylene 


haptics 


|_| Haptic stability—PMMA memory provides improved centration* 
L Biological stability—all-PMMA material equals greater biocompatibility 


CILCO 


controlled ao combines 
polypropylene flexibility with PMMA r 
quality and performance ONO LEX 
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' Introducing FML-S. 


(fluorometholone 0.1%, sulfacetamide sodium 10%) 
Liquifilm’ sterile ophthalmic suspension 


FML-S Ophthalmic Suspension, the first ophthalmic to combine the advantages of 
fluorometholene 0.1% with the anti-infective coverage of sulfacetamide sodium 10%, is here. 
Allergan Pharmaceuticals joined the time-tested medications to provide a safe 

alternative to conventional steroid anti-infective therapy. 


New FMIL-S Ophthalmic Suspension. It may be the most useful ophthalmic ever to a n 

hit the market. FML:S” 
Miacetamide sodu) 
y Trk ootaharmic suapte? | 


The New Combination. ==. 


Note: Employmentof a corticosteroid medication in the treatment of patients with a history of herpes simplex requires great camtion. 
Please see brief preseribing information on next page. 
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FML-S™ (fluorometholone, sulfacetamide 
sodium) Liquifilm® sterile ophthalmic Suspension 


INDICATIONS AND USAGE: FML-S is indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where superficial bacterial ocular 
infection or a risk of bacterial ocular infection exists. Ocular steroids are indicated in in- 
flammatory conditions of the palpebral and bulbar conjunctiva, cornea and anterior seg- 
ment of the globe, where the inherent risk of steroid use in certain infective conjunctivitides 
is accepted to obtain a diminution in edema and inflammation. They are also indicated 
in chronic anterior uveitis and corneal injury from chemical, radiation or thermal burns 
or penetration of foreign bodies. The use of a combination drug with an anti-infective 
componentis indicated where the risk of superficial ocular infection is high or where there 
is an expectation that potentially dangerous numbers of bacteria will be present in the 
eye. The anti-infective drug in this product, sulfacetamide, is active against the following 
common bacterial eye pathogens: Escherichia coli, Staphylococcus aureus, Streptococ- 
cus pneumoniae, Streptococcus (viridans group), Haemophilus influenzae; Klebsiella 
species, and Enterobacter species. This product does not provide adequate coverage 
against Neisseria species and Serratia marcescens. A significant percentage of 
staphylococcal isolates are completely resistant to sulfa drugs. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis) and vaccinia. Fungal diseases of 
the ocular structures. Hypersensitivity to any component of the medication. WARNINGS: 
NOT FOR INJECTION INTO THE EYE. Prolonged use of steroids may resultin glaucoma, 
with damage to the optic nerve, defects in visual acuity and fields of vision, and in posterior 
subcapsular cataract formation. If used for longer than 10 days, intraocular pressure 
should be routinely monitored even though it may be difficult in children and uncooperative 
patients. Prolonged use of steroids may Suppress the host immune response in ocular 
tissues and thus increase the hazard of secondary ocular infections. Various ocular 
diseases and long-term use of topical corticosteroids have been known to cause cor- 
neal and scleral thinning. Use of topical corticosteroids in the presence of thin corneal 
or scleral tissue may lead to perforation. In acute purulent conditions of the eye, cor- 
ticosteroids may mask infection or enhance existing infection. Use of ocular steroids may 
prolong the course and may exacerbate the severity of many viral infections of the eye. 
Employment of a corticosteroid medication in the treatment of patients with a history 
of herpes simplex requires great caution. Fatalities have occurted, although rarely, due 
to severe reactions to sulfonamides including Stevens-Johnson syndrome, toxic epider- 
mal necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic anemia, and other 
blood dyscrasias. Sensitizations may recur when a sulfonamide is readministered, ir- 
respective of the route of administration. If signs of hypersensitivity or other serious reac- 
tions occur, discontinue use of this preparation. (see ADVERSE REACTIONS). Cross- 
sensitivity among corticosteroids has been demonstrated. A significant percentage of 
Staphylococcal isolates are completely resistant to sulfa drugs. PRECAUTIONS: General: 
The initial prescription and renewal of the medication order beyond 20 milliliters should 
be made only by a physician after evaluation of the patient's intraocular pressure, 
examination of the patient with the aid of magnification, such as slit lamp biomicroscopy 
and, where appropriate, fluorescein Staining. Drug Interactions: Sulfacetamide prepara- 
tions are incompatible with silver preparations. Carcinogenesis, mutagenesis, impair- 
ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the possibility of these effects with fluorometholone or Sulfacetamide. Pregnancy: 
Pregnancy Category C: Animal studies have not been conducted with FML-S Liquifilm 
Ophthalmic Suspension. Fluorometholone has been shown to be embryocidal and 
teratogenic in rabbits when administered at low multiples of the human dose. 
Fluorometholone was applied ocularly to rabbits daily on days 6-18 of gestation, and dose- 
related fetal loss and fetal abnormalities including cleft palate, deformed rib cage, 
anomalous limbs and neural abnormalities such as encephalocele, craniorachischisis, 
and spina bifida were observed. Kernicterus may be precipitated in infants by sulfonamides 
being given systemically during the third trimester of pregnancy. There are no adequate 
and well-controlled studies of FML-S Liquifilm Ophthalmic Suspension in pregnant 
women, and it is not known whether FML-S can cause fetal harm when administered 
to a pregnant woman. FML-S Liquifilm Ophthalmic Suspension should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. Nursing 
Mothers: It is not known whether topical administration of corticosteroids could result 
in sufficient systemic absorption to produce detectable quantities in breast milk. 
Systemically administered corticosteroids appear in breast milk and could suppress 
growth, interfere with endogenous corticosteroid production, or cause other untoward 
effects. Systemically administered sulfonamides are capable of producing kernicterus 
in infants of lactating women. Because of the potential for serious adverse reactions in 
nursing infants from FML-S, a decision should be made whether to discontinue nursing 
orto discontinue the medication. Pediatric Use: Safety and effectiveness in children have 
not been established. ADVERSE REACTIONS: Adverse reactions have occurred with cor- 
ticosteroid/anti-infective combination drugs which can be attributed to the corticosteroid 
component, the anti-infective component, or the combination. Exact incidence figures 
are not available, since no denominator of treated patients is available. Reactions occur- 
ring most often from the presence of the anti-infective ingredient are allergic sensitizations. 
Fatalities have occurred, although rarely, due to severe reactions to sulfonamides including 
Stevens-Johnson syndrome, toxic epidermal necrolysis, fulminant hepatic necrosis. 
agranulocytosis, aplastic anemia, and other blood dyscrasias (see WARNINGS). 
Sulfacetamide sodium may cause local irritation. The reactions due to the corticosteroid 
componentin decreasing order of frequency are: elevation of intraocular pressure (IOP) 
with possible development of glaucoma, and infrequent optic nerve damage; posterior 
subcapsular cataract formation: and delayed wound healing. Secondary infection: The 
development of secondary infection has occurred after use of combinations containing 
corticosteroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of corticosteroids. When signs of 
chronic ocular inflammation persist following prolonged corticosteroid dosing, the 
possibility of fungal infections of the cornea should be considered. Secondary bacterial 
ocular infection following suppression of host responses also occurs. 
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A 
MANUAL OF STYLE 


The one to consult 
hether it’s a multi-volume work or a short article, 


you'll find the write stuff in the AMA Manual of Style. 

This 8th Edition, a major revision, is the standard among 
medical publishers. All major aspects of manuscript prepara- 
tion are covered in five sections which outline: è Preparing 
an article for publication @ Style è Terminology @ Mea- 
surement and Quantitation @ Technical Information and 
Bibliography. 

You'll find everything you need to make your article a 
success including: @ Legal and Ethical Matters è Grammar 
è Punctuation @ Word Use è Foreign Words and Phrases 
e Diacritics @ Abbreviations @ Units of Measure è Num- 
bers and Percentages © Mathematics @ Statistics è Produc- 
tion and Printing Terms e Editing and Proofreading Marks 
è Eponyms @ Nomenclature @ Greek Alphabet @ Virus 
Names @ SI Units and Conversion Tables è Expanded Col- 
lection of Graphs and Charts è Bibliography @ Resources 
for On-Line Databases. 

Next time you have a question about making your 
medical writing more clear, concise and 
accurate, be ready with one simple answer — 
the AMA Manual of Style. Order your 
copy today! 

1988/377 pp/4351-X/$24.95 


Want it faster? Call FREE 
1-800-638-0672 from anywhere in the 
U.S. Maryland residents call 528-4221 
COLLECT. 
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Yes, send me copies of AMA Manual of Style (4351-X) ar $24.95 
per copy. If not completely satisfied, | may return the book within 30 days at 
no further obligation (US only). 


| 
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Payment Options 
Save postage and handling charges by enclosing your payment or 
charging your order. 


O Check enclosed O Bill me O VISA O MasterCard O Am Ex 





Card # Exp. Date 


Signature/P.O. # 
Name 








Address 





City/State/Zip 





Williams & Wilkins 428 East Preston Street, Baltimore, MD 21202 
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LINES. 


Are 20% of your patients illegal drug abusers? 10% ? 5% ? No matter; some 
are. And you might be able to help them. Perhaps with advice. Maybe with 
a referral. But you can't help them if you don’t know who they are. And that 
means keeping your eyes open. For further information, please call the 
National Clearing House for Alcohol and Drug Abuse at (301) 468-2600 
between 8:30 a.m. and 5:00 p.m. (EST). 


Partnership fora Drug-Free America 


Photography: Kevin Black 
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The unique purchase program 


NOW EARN POINTS TOWARD 
STORZ OPHTHALMIC PRODUCTS 


You have always known STORZ for its unique spirit 
of innovation, and its unparalleled dedication to 
craftsmanship and quality. That spirit has now 
been infused into a new purchase program that 
can earn you STORZ products. 


Introducing the STORZ SPIRIT program. A purchase 
program dedicated to rewarding you for consis- 
tently choosing the finest ophthalmic products 
available—STORZ ophthalmic instruments, equip- 
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and STORZ pharmaceuticals. As a member 
> STORZ SPIRIT program, each time you 
Fhase a STORZ product you will be awarded 
Mus points good for STORZ ophthalmic prod- 
ucts. The more products you buy, the more points 
you earn—and the more STORZ products 

you can obtain * 
„So catch the new STORZ SPIRIT. Send in the reply 

card and start earning your bonus points today. 


* Purchases of SPORZ,/Coburn intraocular lenses, Lederle Pharmaceuticals, and PREMIERE disposable packs will 
not eam points, although points can be redeemed for PREMIERE disposable packs. Program subject to change 
or cancellation by STORZ at any time with 30 days notice to members. Void where prohibited, offer valid in 
United States. 
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STORZ OPHTHALMICS, INC. 


WE’RE WITH YOU ALL THE WAY IN OPHTHALMOLOGY. 
Call 1-800-325-9500 to order today. 


SPA-3367 
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Functional Blindness in 
Photorefractive Keratectomy 


To the Editor.—I read with great interest the exchange of 
letters between Drs Weinstein, Michaelson, and McDonald 
in the November 1989 issue of the ARCHIVES.’ 

I believe we all have to agree that this case of functional 
blindness should have been easily diagnosed, even by a sec- 
ond-year resident. 

However, changing a previously accepted diagnosis re- 
quires a flexible mind and an intellectual effort, which we 
all find difficult to sustain when pressed for time. It is also 
possible (and here I am really leaning over backward) that 
a crushing patient load may prevent us from performing 
even the simple ancillary tests designed to make the patient 
think he or she is seeing with the left eye when it is the right 
eye that is really being used. 

It is, however, curious that the manuscript slipped 
through peer review. The reviewer must have been more 
concerned with technical details than with the ethical im- 
plications. He or she did not see the forest. 

Even more curious is the fact that, rather than admitting 
this accident with a dash of embarrassment to the local Pa- 
tient Rights Committee, the principal investigator, and the 
National Eye Institute, the authors rushed to publish this 
new technical wrinkle with pride and satisfaction. 

Such incidents do not enhance the image of the physician 
as a concerned healer and a conscientious humanitarian. 

FREDERICK C. BLopi, MD 
Iowa City, Iowa 


1. Functional blindness in photorefractive keratectomy. Arch Ophthalmol. 
1989;107:1563-1565. 


In Reply.—We are certainly sorry that this case of func- 
tional blindness! was not diagnosed prior to excimer laser 
treatment, and we fully appreciate Dr Blodi’s point of view. 
In response, we offer the following information. 

The patient had two conditions that are more than capa- 
ble of causing blindness: a pituitary lesion (and transsphe- 
noidal hypophysectomy) and a retinal detachment in the 
eye in question. 

Her blindness had been confirmed by several independent 
ophthalmologists at three institutions during the 3-year 
period prior to her inclusion in the study. It is well 
documented that functional or hysterical blindness is usu- 
ally bilateral and ordinarily resolves within a few days to 
a few weeks. 

True functional blindness is exceedingly rare and allows 
the patient to pass “malingering” tests with flying colors; 
functional blindness is very different from malingering and 
cannot be detected in the same fashion. We performed sev- 
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eral tests designed to “catch” malingerers, and our patient 
performed as a truly blind person would. 

According to the Food and Drug Administration guide- 
lines established for this study, functional blindness is not 
a contraindication, and her inclusion is not in any way a vi- 
olation of the protocol. 

We addressed the ethical implications in our article,! and 
once again in our answer to Drs Michaelson, Weinstein, and 
Nordan. 

The appropriate agencies were notified, as we stated in 
our original article. 

Although this patient was originally considered part of 
the “blind eye” study and consented to the procedure with 
the full knowledge that she was not likely to benefit from it, 
it should be noted that she has uncorrected visual acuity of 
20/20—, as well as binocularity and depth perception, as of 
this writing 2 years later. We thought it was important to 
describe the clinical results of this unusual case, which have 
certainly added to our understanding of photorefractive 
keratectomy. We believe that photorefractive keratectomy 
is more than a “new technical wrinkle” and deserves the 
opportunity to be considered by all ophthalmic scientists 
and clinicians. 

MARGUERITE B. MCDONALD, MD 
New Orleans, La 


1. McDonald MB, Kaufman HE, Shofner S, Salmeron B, Klyce SD. Ex- 
cimer laser ablation in a human eye. Arch Ophthalmol. 1989;107:641-642. 

2. Walsh FB, Hoyt WF, eds. The ocular signs of neurasthenia, hysteria, 
malingering, and the psychoses. In: Clinical Neuro-ophthalmology. 3rd ed. 
Baltimore, Md: Williams & Wilkins; 1969:3:2519-2537. 

3. Keane JR. Hysterical hemianopia: the ‘missing half’ field defect. Arch 
Ophthalmol. 1979; 97:865-866. 







Pneumatic Retinopexy and Buckling 


To the Editor.—We read with interest the article by Smi 
et al, in the October 1989 issue of the ARCHIVES. We agr 
with the authors that an encircling element frequently re- 
sults in increased axial length and induced myopia and that ` 
a radial buckle infrequently results in significant postoper- 
ative refractive change. We take exception to their con- 
cluding comment, which stated that “this study was not de- 
signed to compare pneumatic retinopexy with scleral buck- 
ling, but candidates for pneumatic retinopexy can usually 
be treated with a radial scleral buckle.” We would like to 
point out that several studies have shown pneumatic retin- 4 
opexy to be effective for complicated retinal detachments 
involving multiple breaks in multiple quadrants and large 
tears exceeding 30°. These cases, if treated with scleral 
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buckling techniques, usually require an encircling element. 


matic reinopexy“ which would include cases that would 
: usuallyundergo an encircling procedure, and that fully 95% 


“The Ps Pneumatic Clinical Trial* addressed retinal detach- 


< ments secondary to a break(s) within 30°. Although these 
-cases could be treated with a segmental sponge, in most in- 
-stances the participating retinal surgeon preferred and se- 
- lected an encircling element. This suggests that for this 
` cross section of retinal surgeons (all fellowship trained and 


experienced), an encircling band is the preferred operation. 
Our results indicated that 68% of eyes encircled had a my- 
opic saift of 1 diopter or more, confirming the findings of 
zm iy ret al. T in our series, two of five eyes with 





a este Ww hen a a a sponge. 
A most interesting finding of the Pneumatic Clinical Trial 
was ata indicating that 87% of eyes treated only with 
amatic PARRA plus supplemental laser or cryother- 








e of a any ae This information suggests that for 
these selected detachments, ie, the detachments referred to 
by Smidey et al, even a segmental explant may not be nec- 
essary 87% ef the time; less may be better. 
Pau. E. TORNAMBE, MD 
San Diego, Calif 


GEORGE F. Hitton, MD 
San Francisco, Calif 


1. Smiidy WE. Leupe DN, Michels RG, Enger C, Glaser BM, deBustros S. 
Refractive charges after scleral buckling surgery. Arch Ophthalmol. 
1988; LOT: 469-1471. 

Meflister IL, Zegarra H, Meyers S, et al. Treatment of retinal detach- 
Ss with: mubiple breaks by pneumatic retinopexy. Arch Ophthalmol. 






e poe FE, Hilton GF, Kelly NF, et al. Expanded indications for 


pneumatiz setinepexy. Ophthalmology. 1988;95:597-600. 


4. Tormaribe PE, Hilton GF, The Retinal Detachment Study Group. 
Pneumatic \ eetinopexy: a multicenter randomized controlled clinical trial 
comparing eneumatic retinopexy with scleral buckling. Ophthalmology. 
1989:96:7° 2-784, 








In Reply. —We value the comments of Drs Tornambe and 
Hilton velating to their experience with induced refractive 
changes and strabismus after scleral buckling surgery 
within the Pneamatic Clinical Trial’ They found that 
encirclingsclera! buckling elements were associated with at 
least 1 Giopter of induced myopia in 68% of such cases. This 
appears te be consistent with the findings in our study,’ but 
these results are not presented in enough detail to allow 
more direct comparison. 

The Pneumatic Clinical Trial series included two of five 
patients with postoperative diplopia following a “segmen- 
tal” procedure. This contrasts with our related study in 
which none of 28 eyes that did not undergo an encircling 
procedure develaped postoperative strabismus.’ In the 
Pneumazie Clinical Trial 95% of cases randomized to scleral 
buckling underwent an encircling procedure. Our experi- 
ence does not include encircling this frequently and may 
explain this disparity. Also, one assumes that there was no 
preoperetive strabismus and that the postoperative diplo- 
pia was due to strabismus. 

Drs Ternambe and Hilton take exception with our prop- 
osition that mest eases that would be suitable for pneumatic 
retinopexy did nat have these-complications. The basis for 
at there are now expanded indications for pneu- 
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of the scleral buckling cases in the Pneumatic Clinical Trial 


underwent an encircling procedure, a decision made by the — 
treating surgeon. Undoubtedly, a better understanding of | 
the indications for and capabilities of pneumatic retinopexy 
may permit retinal surgeons to achieve anatomic success = 
while avoiding the side effects of scleral buckling surgery, = 
such as induced refractive changes anc strabismus ina 


substantial proportion of cases. These indications, however, 
need further refinement. 
Miami. Fla 
RowaLD G. MICHELS, MD 
Baltimore, Md 





1. Tornambe PE, Hilton GF, The Retinal Detachment Study Group. 


Pneumatic retinopexy: a multicenter randomized centrolled clinical trial — E 


comparing pneumatic retinopexy with scleral buckling. Ophthalmology. 
1989:96:772-784. 

2, Smiddy WE, Loupe DN, Michels RG, Enger C, Giaser BM, deBustros $. 
Refractive changes after scleral buckling surgery. Arch Ophthalmol. 
1989;107:1469-1471. 

3. Smiddy WE, Loupe DN, Michels RG, Enger C, Glaser BM, deBustros $. 


Extraocular muscle imbalance after scleral buckling surgery. Ophthalmol- - 


ogy. 1989;96:1485-1490. 

å. Tornambe PE, Hilton GF, Kelly NF, Salzanc TC, Wells JW, Wendel RT. 
Expanded indications for pneumatic retinopexy. Ophthalmology. 1988; 
95:597-600. 


Advanced Cardiac Life Support Certification 
in Ophthalmology 


To the Editor.—I recently finished recertification testing for 


Advanced Cardiac Life Support (ACLS). When I was there, 


many people were surprised to find out I was an ophthal- oe 
mology resident. They considered keeping the ACLS certi- 
fication up-to-date laudable. To me it seemed a logical and 


responsible thing to do as a citizen and a physician. It made 


me wonder if other training and practicing ophthalmolo- E 


gists were currently certified in ACLS or felt comfortable 
implementing its techniques. During the course, I was 
struck by how distant my recollection of these techniques 
was only 1 year after performing ACLS regularly. It is un- 
fortunate that many physicians in tbe niche of ophthal- 
mology have lost skills that are so fundamental to medicine. 
Who, if not physicians, should feel capable to prevent a 
family member’s unnecessary death from cardiac arrest. 
Physicians of the community should be prepared to act if 


severe trauma is met in the field. When a patient comes to . j 


one’s office, it would seem prudent to havea crash cart on 
hand and know how to use it in the unlikely event of cardiac 


arrest. Recertification training is important and can be > 


completed in 2 consecutive weekend days. 
MICHAEL. S. KORENFELD, MD 
Columbia, Mo 


Equations for Snelien Equivalent 
To the Editor.—I studied with interest the equation by Drs 


Holladay and Prager’ published in the July 1989 ARCHIVES. — 


Their equation, 
Snellen Acuity = 20 X 106-07% 
converts the number of letters read correctly from the Bai- 


ley-Lovie acuity chart? into the denominator of the Snellen E 
fraction for the reference distance 20 ft. The formula, which 


relates the base 10 to the exponential denominator 50, ech- 
oes the design of the chart, which is based on a 10-fold 
change in visual angle for each 50 letters (10 lines). I pro- 






E. Smippy, MD 4 









pose a modified equation, whereby dropping the constant 20 
and taking the reciprocal yields, 


Snellen Acuity = 10-155 -%/50, (1) 


where X is the number of letters read correctly from the 
chart. This yields Snellen acuity directly in its decimal 
form, which may be more useful for certain statistical 
analyses. 

Equation 1 is approximately, but not exactly, equivalent 
to the related equation, 


Snellen Acuity = 27465 -9/151 (2) 


which can be substituted with minimal error. This alterna- 
tive formula relates the base 2 to the exponential denomi- 
nator 15, also echoing the chart design wherein the visual 
angle doubles every 15 letters (3 lines). Equation 2 likewise 
yields Snellen acuity in decimal form. 

When using equation 1, for example, if all Bailey-Lovie 
letters (X= 70) are correctly identified, the Snellen 
acuity = 10°) = 200 = 20/10. For X= 55, Snellen 
acuity = 10° = 1 = 20/20; X = 58, 1.15 = 20/17; and X = 40, 
0.50 = 20/40. By way of comparison, if equation 2 is used 
substituting X = 40, then Snellen acuity = 27! = % = 20/ 
40, affirming the interchangeability (within tolerances) of 
the two equations. 

Equations 1 and 2 are, indeed, merely special cases of a 
general expression. There exists a family of exponential 
equations, described by the expression, 


Snellen Acuity = a7 -%/50 logoa), (3) 


where a is any positive real number, except 1. For example, 
substituting a=100 and X=70 yields the Snellen 
acuity = 100--*!» = 2.00 = 20/10. However, for ease of cal- 
culation, equation 1 remains the most convenient. 
JEFFREY W. KALENAK, MD 
Cleveland, Ohio 


1. Holladay JT, Prager TC. Snellen equivalent for the Bailey-Lovie acuity 
chart. Arch Ophthalmol. 1989-107:955. 

2. Bailey IL, Lovie JE. New design principles for visual acuity letter charts. 
Am J Optom Physiol Opt. 1976;53:740-745. 


Magnetic Resonance Imaging and Retinal Tacks 


To the Editor.—As magnetic resonance imaging (MRI) has 
become an increasingly useful and necessary adjunct to pa- 
tient care, the potential problem of scanning patients with 
intraocular metal has been noted.! The possible presence of 
minute quantities of ferromagnetic materials in retinal 
tacks, in view of the strength of the magnetic field produced, 
has led to concern. A general policy has been to exclude pa- 
tients with retinal tacks from MRI scanning. 

One previous report, testing two types of retinal tacks, 
suggests that MRI may be safe.? We know of at least seven 
varieties of tacks available at the Bascom Palmer Eye In- 
stitute, Miami, Fla, and have included them in a study ex- 
posing them to two magnetic sources: an electromagnet of 
approximately 0.1 T (Mueller Giant Eye Magnet, 115 V, 60 
Hz, alternating current, V. Mueller and Co, Chicago, Ill), 
and a 1.5-T MRI system (Picker Vista, Cleveland, Ohio). 

All seven tacks were initially suspended horizontally in 
the middle of hardened commercial Knox gelatin (Knox 
Gelatin Inc, Englewood Cliffs, NJ) in standard Petri dishes. 
The Petri dishes were placed next to the electromagnet with 
a contact distance of 4.5 cm for a duration of 1 minute. The 
Petri dishes were then placed within the MRI scanner for 
30 minutes. The position of the tacks was documented with 
color photography, both before and after each magnetic ex- 
posure. 

Six types of tacks were then inserted into the peripheral 
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retinas of one eye of a New Zealand white rabbit. Each rab- 
bit was placed under xylazine hydrochloride/ketamine hy- 
drochloride 1:1 anesthesia and a pars plana vitrectomy and 
lensectomy were performed prior to insertion of the tacks. 
The tacks were then viewed weekly. Spontaneous disloca- 
tion or intrusion of several tacks required repositioning. 
The rabbits were then exposed to MRI with the 1.5-T sys- 
tem for 30 minutes while under anesthesia. The mean time 
between tack insertion and scanning was 32 days, ranging 
from 1 to 98 days. The position of all tacks was documented 
with color photography and indirect ophthalmoscopy di- 
rectly before and after scanning. The animals were eutha- 
nized after imaging with an intravenous dose of T-61 (Tay- 
lor Pharmaceutical Co, Decatur, Ill). All animals were 
housed and treated in accord with the Association for Re- 
search in Vision and Ophthalmology’s Resolution on the 
Care of Experimental Animals. 

Of the tacks placed within gelatin, only one showed 
movement. This was the Western European tack, which 
showed a 90° change of orientation when placed in front of 
the electromagnet (Figure). It again showed movement 
when MRI was performed. In the rabbit model, only the 
Western European tack moved when exposed to maximum 
magnetic energy. This tack was partially dislodged from the 
retina prior to scanning. However, after scanning it was 
found to be completely dislodged from the retina, with a new 
orientation. No retinal tear was created by this movement 
(Table). 





Top, Tacks suspended in gelatin in Petri dish prior to exposure to the 
magnetic field. Left to right, Bascom Palmer Eye Institute tack, Coop- 
ervision tack, Duke tack, and Western European tack. Bottom, Tacks 
suspended in gelatin in Petri dish immediately after application of mag- 
netic field from Mueller Giant Eye Magnet (V. Mueller and Co, Chicago, 
Ill). Note that the Western European tack on the far right has reoriented 
itself by 90°. 


Composition and Movement of Retinal Tacks in Animal Model 
With Magnetic Resonance Imaging Scanning 


Type of Tack Composition Movement 
Norton staple 90% platinum/ 10% rhodium 

Ruby Aluminum tetraoxide 

Martensitic stainless steel 

Titanium alloy No (2 tacks) 


No. 303 austenitic No 
Stainless steel 
No. 303 austenitic 
Stainless steel 


Western European 
Coopervision 


Bascom Palmer No (2 tacks) 
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jomty of retinal tacks now made are produced 
erials known to have little or no magnetic attrac- 
, in Hight of this knowledge, the radiologic com- 
has beea uneasy about scanning such patients with 
MRI. The report by Kelly et al! of an occult intraocular iron 
oreigz body that resulted in vitreous hemorrhage under- 
i stial for severe damage that can result from 


We can assume that the Western European tack we tested 
-contaimed a ferromagnetic material that accounted for its 
beth the commercial gelatin preparation and 






selected fo 
| to amagnetic field in the Mueller magnet and MRI 
e positien of this tack was affected. However, no in- 







eye when subjected to the magnetic fields. 


Therefore. it appears that MRI scanning is safe in the 
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majority of patients who have retinal tacks. Certainly 
patients or their primary physicians had knowledge of the 
type of tack that was inserted, a rational decision could be 
made as to the appropriateness of an MRI sean when it ap- 
pears indicated. T g 
DEANNA W. ALBERT, MD- 
KaRL R. Osos, MD Fean 
JEAN-MARIE PAREL, InG ETS-G 
ELEUT HEENANDEZ E 
WILLIAM LEE 
ROBERT QUENCER, MD 
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. Ophthalmic Solution Sterile 
(trimethoprim sulfate 0.7% & polymyxin B sulfate 10000 units/ml) 


Make the logical choice 





The only ophthalmic antibacterial with the broad- 
spectrum power of trimethoprim plus the activity of 
polymyxin B against Pseudomonas aeruginosa 
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Reliable 


Active in vitro against a broad spectrum 
of ocular pathogens. 


Streptococcus pneumoniae 
Streptococcus faecalis 
Streptococcus pyogenes 
Staphylococcus aureus 
Staphylococcus epidermidis 
Serratia marcescens 

Proteus mirabilis (indole-negative) 
Proteus vulgaris (indole-positive) 
Haemophilus aegyptius 
Haemophilus influenzae 
Enterobacter aerogenes 
Escherichia coli 

Klebsiella pneumoniae 
Pseudomonas aeruginosa 


trimethoprim 


polymyxin B 


Active in vitro against certain strains shown 
resistant to other ocular anti-infectives.! 


Proven: 98% clinically 
effective 


In a controlled clinical trial, 132 of 135 
(98%) adults and children with various types of 
acute bacterial surface ocular infections showed 
climical cure or significant improvement after 
therapy with Polytrim Solution.‘ 


Comfortable 


Well-tolerated — Low rate of 
hypersensitivity reactions 
In over 800 patients at 15 centers across 
the country, the incidence of hypersensitivity 
reactions (lid edema, itching, redness, tearing, 
and/or rash) was less than 2 per 100 patients.’ 
Polytrim Solution contains no thimerosal, 
no parabens, and no neomycin. 





‘Ashley KC. The antibacterial activity of tepical anti-infective eye 
preparations. Med Lab Sci 1986;43:157-1»92. 

*Jn vitro spectra are not always predictive of cLnica! results. 

Data on file, Allergan, Inc. 


Polytrim Solution is contraindicated in patients hypersensitive to 
any of its components. 





POLYTRIM® OPHTHALMIC SOLUTION Sterile 


(TRIMETHOPRIM SULFATE 0.1% AND POLYMYXIN B SULFATE 10,000 UNITS/mL) 


BRIEF SUMMARY 

INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is indicated in the treatment 
of surface ocular bacterial infections, including acute bacterial conjunctivitis, and 
Diepharoconjunctivitis, caused by susceptible strains of the following microorganisms: 
Stapmwococcus aureus, Staphylococcus epidermidis, Streptococcus pneumoniae, Strep- 
tocaccus viridans, Haemophilus influenzae and Pseudomonas aeruginosa.* 

*E“icacy fomthisorganism in this organ system was studied in fewer than 10 infections. 
CONTRAINDIGATIONS: Polytrim Ophthalmic Solution is contraindicated in patients with 
known hypersensitivity to any of its components. 

WARNINGS: NOT FOR INJECTION INTO THE EYE. If a sensitivity reaction to Polytrim 
occus, discontinue use. Polytrim Ophthalmic Solution is not indicated for the prophy- 
laxis or treatment of ophthalmia neonatorum. 


PRECAUTIONS: 

General: As with other antimicrobial preparations, prolonged use may result in over- 
growth of nonsusceptible organisms, including fungi. If superinfection occurs, appropriate 
therapy should be initiated. 

Information for Patients: Avoid contaminating the applicator tip with material from the 
eye, “ingers, or other source. This precaution is necessary if the sterility of the drops 
is to De maintained. 

lf recess, irritation, swelling or pain persists or increases, discontinue use immediately 
and contact your physician. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

Careinogenesis-Long-term studies in animals to evaluate carcinogenic potential have 
not »een conducted with polymyxin B sulfate or trimethoprim. 

Matagenesis: Trimethoprim was demonstrated to be non-mutagenic in the Ames assay. 
in studies at twodaboratories no chromosomal damage was detected in cultured Chi- 
nese hamster ovary cells at concentrations approximately 500 times human plasma levels 
after oral administration; at concentrations approximately 1000 times human plasma 
levets after oral administration in these same Cells a low level of chromosomal damage 
was inducec:at one of the laboratories. Studies to evaluate mutagenic potenial have not 
been conducted with polymyxin B sulfate. 

impairmeniof Fertility: Polymyxin B sulfate has been reported to impair the motility 
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in rats given trimethoprim in oral dosages as igh as 70 mg/kg/day for males and 
14 mg/kg/day for females. 


Pregnancy: Jeratogenic Effects: Pregnancy Category C. Animal reproduction studies 
have not been conducted with polymyxin B sulfate. It is not known whether polymyxin 
B sulfate can cause fetal harm when administered toœa pregnant woman or can affect 
reproduction capacity. 

Trimethoprim has been shown to be teratogenie in the rat when given in oral doses 40 
times the human dose. In some rabbit studies, the overall increase in fetal loss (dead 
and resorbed and malformed conceptuses) was-associated with oral doses 6 times the 
human therapeutic dose. 

While there are no large well-controlled studies 3n the use of trimethoprim in pregnant 
women, Brumfitt and Pursell, in a retrospective sudy, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral trimethoprim in com- 
bination with sulfamethoxazole. The incidence-of congenital abnormalities was 4.5% 
(3 of 66) in those who received placebo and 3.3% (4 of 120) in those receiving 
trimethoprim and sulfamethoxazole. There were ro abnormalities in the 10 children whose 
mothers received the drug during the first trimester. In a Separate survey, Brumfitt and 
Pursell also found no congenital abnormalities in35 children whose mothers had received 
oral trimethoprim and sulfamethoxazole at the ime cf conception or shortly thereafter. 
Because trimethoprim may interfere with folic.acid metabolism, trimethoprim should 
be used during pregnancy only if the potential bemefit justifies the potential risk to the fetus. 
Nonteratogenic Effects: The oral administrat on of trimethoprim to rats at a dose of 
70 mg/kg/day commencing with the last third ef gestation and continuing through par- 
turition and lactation caused no deleterious effec on gestation or pup growth and survival. 
Pediatric Use: Safety and effectiveness in children below the age of 2 months have not 
been established (see WARNINGS). 

ADVERSE REACTIONS: The most frequent adverse reaction to Polytrim Ophthalmic So- 
lution is local irritation consisting of transient surning or stinging, itching or increased 
redness on instillation. These reactions occur im less than 4 of 100 patients treated. Poly- 
trim has a low incidence of hypersensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased recness, tearing and/or circumocular rash. 
Although sensitivity reactions to trimethoprim are rare, an isolated incident of photosen- 
sitivity was reported in a patient who received the:drug orally. 
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~ Introducing the CILCO small-incision all-PMMA lenses* 
The Design The Material The Technique 


0 Narrow opticallows small-incision O PMMA optic—over 40 years O Requires no change in your 
insertion without folding of proven clinical performance surgical technique 

O Unique MONOFLEX™ haptics O PMMA haptics—provide superior O Eliminates the need for bulky 
previde gentle capsular fixation memory and centration folding instruments 

o Shorter overall length reduces o Lathe cut, high molecular O Reduces the worry of uncontrolled 
zonular stress and bag distortion weight PMMA resists YAG damage lens release 


o Proprietary polishing assures 





uncompromised surface quality Al oO ki 
Ne SURGICAL 
“Designed in conjunction with E. Ronald Salvitti, MD 
Alcon Surgical, Inc., 6201 South Freeway, Fort Worth, TX 76134, Innovation 
Toll free 1-800-TO ALCON (1-800-862-5200 ) Without 


CILCO is a registered trademark of Alcon Surgical, Inc. Compromise 
MONOFLEX isa trademark of Alcon Surgical, Inc. © Copyright, Alcon Surgical, Inc.,1990 MPL 003 





Case Reports 





Metabolic Imaging of Uveal 
Melanoma Using Positron 
Emission Tomography 





Positron emission tomography (PET) 
is a technique in nuclear medicine that 
allows the in vivo assessment of the 
pattern of distribution and rates of 
biochemical processes. We report the 
use of PET to obtain an in vivo meta- 
bolic picture of a choroidal melanoma. 


Report of a Case.—A 67-year-old white 
man was referred to our hospital because of 
a 6-month history of blurred vision in the 
left eye. The ophthalmoscopic examination 
demonstrated a pigmented mass in the 
inferotemporal quadrant. Slit-lamp biomi- 
croscopy with contact lens, ultrasonogra- 
phy, fluorescein angiography, magnetic 
resonance imaging of the orbit, and single- 
photon emission tomography immunoscin- 
tigraphy with antimelanoma monoclonal 
antibodies were all consistent with the di- 
agnosis of malignant melanoma. No sys- 
temic metastases were detected. The con- 
tralateral eye was normal. 

After informed consent had been ob- 
tained from the patient, a PET study was 
performed using the ECAT 931/04-12 to- 
mograph (CTI/Siemens Gammasonic, Des 
Plaines, Ill) 40 minutes after the intrave- 
nous administration of 200 MBq of 
fludeoxyglucose F 18 (['*F] fluorodeoxyglu- 
cose), a radioactive labeled tracer that al- 
lows the in vivo measurement of glucose 
consumption.’ Tomographic images of ra- 
dioactivity distribution were reconstructed 
on the transaxial and coronal planes; spa- 
tial resolution was 6.5 mm full width at half 
maximum.’ 

The qualitative analysis of the images 
obtained by the PET/fludeoxyglucose F 18 
study demonstrated a higher uptake of ra- 
dioactivity in the left eye than in the con- 
tralateral normal eye, consistent with the 
anatomical location of the tumor (Figs 1 
and 2). 

The tumor was too large for local treat- 
ment; thus, the eye was enucleated. Patho- 
logical examination demonstrated a mush- 
room-shaped pigmented choroidal mela- 
noma that measured 10 X 12 X 18 mm. The 
cytologic examination demonstrated a 
spindle-B malignant melanoma. 


Comment.—Positron emission to- 
mography allows the in vivo assess- 
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ment of regional cerebral glucose 
consumption.' The relationship be- 
tween degree of malignancy and gly- 
colytic rate in neoplastic tissues has 
been shown, and on this basis the fea- 
sibility of PET imaging of tumor me- 
tabolism has been described. 

Data from previous PET/fludeoxy- 
glucose F 18 studies show that under 
normal conditions fludeoxyglucose F 
18 uptake in the eye is not higher than 
in brain white matter and that there 
are no differences between left and 
right eyes. This study demonstrates 


Fig 1.—Positron emission tomographic trans- 
axial slice on the orbitomeatal plane. The 
image demonstrates a normal uptake of tracer 
by the brain and shows high fludeoxyglucose F 
18 uptake in the region of the tumor location in 
the left eye (arrow). Note the asymmetric 
uptake of tracer with respect to the contralat- 
eral normal eye (double arrows). 








Fig 2.—Positron emission tomographic coronal slice through the orbital plane. The image dem- 
onstrates normal uptake of tracer by the brain and shows a higher fludeoxyglucose F 18 uptake 
in the region of the tumor location in the left eye (arrow). Note the asymmetric uptake of tracer 
with respect to the contralateral normal eye (double arrows). 
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that fludeoxygiucose F 18 uptake in 
melanoma ear be abnormally high 
+ with respect te both the normal eye 
' and also the brain white matter. To our 





knowledge, PET/fludeoxyglucose F 18 
{maging of uveal melanoma has never 
- been reported, nor have other cases of 
` abnormal metabolic activity of the eye 
been reported using this technique. 
The present study indicates that uveal 
melanoma may have a high glucose 
` metabolic rate, which allows metabolic 
=  fmaging of this highly malignant eye 
umor by the PET/fludeoxyglucose F 
& method. Or this basis, the PET/ 
ludeoxyglueose F 18 method can be 
used for the differential diagnosis be- 
ween. benign ecular lesions with low 
metabolic activity and uveal mela- 
nema. This method might also prove 
-useful to assess the degree of malig- 
nancy of uveal melanoma and for the 
~~ follow-up of patients undergoing local 
- radiotherapy for eye tumors. Further 
studies are necessary for evaluating 
these possibilities, especially consider- 
ing the low spatial resolution of the 
-methed with respect to the average 
size of uveal melanomas. 
Rosario BrancaTo, MD 
GIOVANNI LUCIGNANI, MD 
GIULIO Moporati, MD 
Maria C. GILARDI, MSc 
Fapio CoLomBo, MSc 
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Chlamydia trachomatis is a sexually 
transmitted pathogen that causes con- 
janectivitis in young, sexually active 
adults. There is a high incidence (45% 

to 90% ) of cervical or urethral chlamy- 

cia in individaals with adult inclusion 
conjunctivitis’; however, the incidence 

p of genital gonorrhea in this group is 
* not knowm Ip the genital tract, up to 
89% -of men and 63% of women with 
. Neisseria gonorrhoeae have coexistent 
ehlamydia. infections, and it has been 
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suggested that N gonorrhoeae can ac- 
tivate latent chlamydia.’ We report a 
case of a pregnant woman with 
chlamydial conjunctivitis and both 
chlamydial and gonococcal cervicitis. 


Report of a Case.—A 26-year-old woman, 
12 weeks pregnant and a soft contact lens 
wearer, presented with a 3-month history 
of redness, irritation, and mucous dis- 
charge of her eyes. Best corrected visual 
acuity was 20/15 OU. Slit-lamp examina- 
tion showed follicular response of 3+ in the 
lower palpebral conjunctiva of both eyes. 
Micropannus and limbal follicles were 
noted superiorly, greater in the left than 
right eye. No preauricular nodes were pal- 
pable. 

The palpebral conjunctiva of each eye 
was swabbed for direct fluorescent antibody 
testing and for inoculation into cyclohexi- 
mide-treated McCoy cells, and scraped for 
examination of the cellular response by 
Giemsa staining. Both chlamydial culture 
and direct fluorescent antibody were posi- 
tive. Giemsa stain showed a mixed cellular 
response. Therapy with 500 mg of erythro- 
mycin stearate orally four times a day for 
7 days was instituted, and referral for cer- 
vical culture was made. Positive cultures 
for chlamydia and gonococcus and negative 
serologic test results for syphilis were ob- 
tained; intramuscular ceftriaxone sodium 
was administered. Repeated cervical and 
conjunctival cultures following treatment 
were negative. Her sexual partner was also 
concomitantly treated. 


Comment.—The above case illus- 
trates a young, otherwise healthy 
pregnant woman with adult inclusion 
conjunctivitis and concomitant 
chlamydial and gonococcal cervicitis. 
This patient may have been infected 
with both organisms simultaneously 
or with gonococcus, which reactivated 
a latent chlamydial cervicitis that was 
spread to the eye. These cases may be 
underreported. 

Conversely, in one series of 13 cases 
of culture-proved gonococcal conjunc- 
tivitis, 1 patient also had culture- 
proved chlamydial conjunctivitis and 
another had a reactive plasma reagin 
test. This led to the recommendation 
that diagnostic testing for chlamydia 
and syphilis be performed in patients 
with gonococcal conjunctivitis. An ad- 
ditional 2 cases of chlamydial conjunc- 
tivitis have been reported following 
the treatment of culture-proved gono- 
coccal conjunctivitis suggesting that 
these organisms may coinfect the con- 
junctiva or that N gonorrhoeae may 
activate latent chlamydia.’ In neither 
case were the eye and cervix cultured 
for chlamydia at the time of initial 
presentation. The known genital coin- 
fection rate has led to a recommenda- 
tion of empiric treatment with an oral 
antimicrobial agent effective against C 
trachomatis in patients with gonococ- 


cal conjunctivitis.’ 


Based on our case and the numerous 


reports in the literature documenting 
coinfection of chlamydia in patients 
with gonococcus, we believe that test- 
ing for both gonococeus and chlamydia 


of the genital tract should be per- a 


formed in patieats with chlamydial 
conjunctivitis. This is especially true 
in pregnant women as these organisms 
pose a significant risx to the fetus. Se- 
rological testing for syphilis should 
also be performed. 

The treatment of pregnant women 
with genital infections is important to 
eradicate the infection and to prevent 
transmission to the fetus. Since tetra- 
cycline hydrochioride is contraindi- 
cated during pregrancy, 500 mg of 
erythromycin stearate orally four 
times a day for 7 days is recommended 
against chlamydia. Ceftriaxone is the 
preferred treatment for gonorrhea; it 
may be used in pregnant women and 
may also be effective against syphilis. 
Additional studies are necessary to 
identify the coinfection rate in pa- 
tients presenting wiih chlamydial con- 
junctivitis and to identify the best 
therapeutic agent fer use in pregnant 
women. 

GREGORY J. PAMEL, MD 
Senpvy T. FELDMAN, MD 
La Joila, Calif 


Reprint requests :o Department of Ophthal- 
mology M-018, University of California, San Di- 
ego, La Jolla, CA 92093 (Dr Feldman). 


1. Dawson CR, Schachter J. TRIC agent infee- 
tions of the eye and genital tract. Am J Ophthal = 


mol, 1967:63:1288-1258. 


2, Batteiger BE, Fraiz J, Newhall WJ, Katz BP, =o 
Jones RB. Association cf recurrent chlamydial - 
infection with gonerrhea. J Infect Dis. 1989, -— 


159:661-669. 


3. Haimovici R ard Reussel TJ. Treatment of es 





gonococcal conjunctivitis with single-dose intra- 


muscular ceftriaxore. 4 J Ophthalmol. 1988; 
107-511-514. 

4, Treatment of Sexually Transmitted Ihs- 
eases, New Rochelle, NY“ The Medical Letter Inc; 
1988;30:5-10. 





Cervical Spine Disiocation 
Presenting as an isolated 
Horner’s Syndrome 





Horner’s syndrome is a well-charac- 
terized complex of miosis, ptosis, and 
anhidrosis resulting from damage to 


the sympathetic innervation of the- 5 
head and neck. Isolated Horner’s syn- 


drome is most commonly associated 


with neoplasms in adults and benign 


congenital defects in children. Its oc- 


currence following nonpenetrating 
trauma is rare. We report an unusual 
presentation of isolated Horner’s syn- 












Lateral roentgenogram of cervical spine dem- 
onstrating prominent posterior dislocation of 
C-7 and T-1 (arrow). 


drome in an ambulatory child with 
unrecognized cervical spine disloca- 
tion. 


Report of a Case.—A 17-year-old boy, a 
passenger in a motor vehicle accident, was 
admitted to a local hospital for treatment of 
soft-tissue injuries. The child denied loss of 
consciousness and apparently had sus- 
tained only mild head trauma. Roentgeno- 
graphic evaluation of the cervical spine and 
a computed tomographic scan of the head 
were reported to be normal. Following dis- 
charge, the boy was referred to us for eval- 
uation of anisocoria, first noted 3 days after 
the accident. 

Our examination revealed a healthy-ap- 
pearing boy who complained of slight neck 
pain. Snellen visual acuity with myopic 
correction was 20/20 OU. Pupillary re- 
sponse to direct and consensual light stim- 
ulation was brisk, but the right pupil was 
miotic and dilated minimally in dimmed il- 
lumination. Right upper lid ptosis of 2 mm 
was evident. The right side of the patient’s 
forehead was also drier to touch than the 
left. The remainder of the examination re- 
sults were normal. A previous ophthalmo- 
logic evaluation in 1987 had documented 
equal-diameter pupils. 

Neurologic and general physical exami- 
nation results were normal. Cervical spine 
roentgenograms, including flexion and ex- 
tension views, detected the presence of a 
large separation between the spinous pro- 
cesses of vertebrae C-7 and T-1 (Figure). 
The patient was immediately transferred to 
the neurosurgical service and underwent 
posterior fusion of the vertebrae with a 
posterior iliac harvest graft. ` 


Comment.—Posttraumatic Horner’s 
syndrome is an uncommon disorder, 
particularly when it presents to the 
ophthalmologist with isolated ocular 
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findings. The causative injury can occur 
anywhere along the sympathetic tract, 
but the most likely locations are the 
lower cervical and upper thoracic ante- 
rior spinal nerve roots.! It is here that 
the preganglionic neurons, exiting the 
spinal cord to ascend the cervical chain, 
are vulnerable, as in our patient, to 
compressive and tractional forces that 
result from spinal column and brachial 
plexus injuries. More distal lesions 
interrupting the preganglionic cervical 
chain, the superior cervical ganglion, or 
the postganglionic fibers in the neck can 
also result, especially from penetrating 
neck injuries. 

All patients with posttraumatic 
Horner’s syndrome should be carefully 
investigated for cervical spine disloca- 
tion or fracture. In highly suspicious 
circumstances, repeated roentgeno- 
graphic studies, including flexion and 
extension views of the cervical spine, 
may be justified. 

MArc J. SAFRAN, MD 
MARK J. GREENWALD, MD 
HOWARD C. Rick, MD 
KENNETH S. POLIN, MD 
Chicago, Ill 
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Retinal Hamartoma in 
Neurofibromatosis 2 





In 1973 Gass! recorded the occurrence 
of combined pigment epithelial and 
retinal hamartoma (CPERH) in a pa- 
tient with cutaneous signs suggesting 
neurofibromatosis (NF). It has now 
been proven that NF consists of at 
least two distinct diseases, each caused 
by a unique chromosomal defect: NF-1 
(the von Recklinghausen type) and 
NF-2 (the bilateral acoustic neuroma 
type). We report herein a case of 
CPERH associated with NF-2. 


Report of a Case.—A 16-year-old girl was 
hospitalized in Caracas, Venezuela, in 1982 
with symptoms of progressive spastic quad- 
riparesis, dysphagia, dysphonia, headache, 
and a recent spell of unconsciousness last- 
ing 1 hour. She had multiple café-au-lait 
spots, multiple neurofibromas, bilateral hy- 
posmia, right corneal hypesthesia, right- 
sided facial weakness, right-sided deafness, 
left-sided hypacusis, diaphragmatic palsy, 
and right-sided lingual palsy with atrophy. 
Visual acuity was finger counting in the 
right eye and 20/25 OS. Both lenses had 





Combined pigment epithelial and retinal ham- 
artoma in the right eye in a fundus photograph 
(top) and in the arteriovenous phase of fluo- 
rescein angiogram (bottom). 


mild posterior subcapsular opacities. In the 
right fundus there was a slightly elevated 
lesion involving the dise, the macula, and 
the inferotemporal quadrant. There was a 
grayish glial membrane on the inner retinal 
surface overlying the inferotemporal sector 
of the disc, the inferior vascular arcade, and 
the tumor itself. The partially pigmented 
tumor extended into the deep retinal and/ 
or subretinal layers. The vessels emerging 
from the disc appeared to have been pulled 
toward the lesion. The arteriovenous phase 
of fluorescein angiography demonstrated 
leakage of dye from multiple vascular chan- 
nels (Figure). The fundus of the fellow eye 
appeared normal. A computed tomographic 
scan of the head showed multiple intracra- 
nial meningiomas and neuromas. These in- 
cluded bilateral acoustic neuromas. 


Comment.—The peeuliar tumor in 
our patient’s right eye resembles the 
lesion in another patient with NF de- 
scribed by Cotlier.’ His patient, a 32- 
year-old woman, had a retinal hamar- 
toma and so-called café-au-lait spots 
of the fundus. She was deaf in her right 
ear and partially deaf in her left ear. 
Atcraniotomy she had bilateral acous- 
tic neuromas and multiple fibromas of 
the cranial nerves. As noted by Gass, 
Cotlier’s patient appeared to have a 
CPERH. We believe the lesion in our 
patient’s eye is also a CPERH. These 
hamartomas are rare and probably 
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congenital. They usually occur as iso- 
lated lesions. Gass recorded their pos- 
sible association with NF in three pa- 
tients: a 21-year-old man, a 30-month- 
old girl, and a third patient whose 
fundus photegraphs he had seen. The 
first two patients showed merely café- 
au-lait spots, and the third patient 
carried the diagnosis of von Reckling- 
hausen’s NF without clinical data 
given. It is thus impossible to deter- 
mine whether these were NF cases, 
and, if sa, to which type they belonged: 
NF-1 or NF-2. In Cotlier’s and our pa- 
tients the clinical evidence is clear; 
both had NF-2, the rarer type of NF 
caused by an abnormality on chromo- 
some 22. Wescannot exclude the possi- 
bility that the described association of 
two rare-conditions (CPERH and NF- 
2) is coincidental, since it was found in 
only twopatients. In both conditions a 
congenital defect in the growth of 
neural tissue occurs. 

KLARA LANDAU, MD 

FRANCES M. DOSSETOR, FRCS(C) 

WILLIAM F. Hoyt, MD 

San Francisco, Calif 


RAFAEL MUCI-MENDOZA, MD 
Caracas, Venezuela 


Dr Landau is a recipient of a fellowship from 
the American Physicians Fellowship. 
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Retina! Findings in the Fat 
Overload Syndrome 


Parenteral hyperalimentation using 
lipid iscensidered an effective and rel- 
atively safe method of delivering es- 
sential nutrients to patients unable to 
tolerate enteral feedings. Although 
the fat overload syndrome is a well- 
recognized eomplication of intrave- 
nous lipid therapy, its ocular manifes- 
tations have net been previously de- 
scribed, to our knowledge.'* 

Report of a Case.—A 38-year-old His- 
panic man was admitted to a community 
hospita! with fever, cough, wheezing, and a 
lung infiltrate. He was initially treated with 
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bronchodilators, antibiotics, and supple- 
mental oxygen. On the second hospital day 
parenteral hyperalimentation, which in- 
cluded a 20% fat emulsion infusion (Lipo- 
syn II, Abbott Laboratories, Chicago, Ill) 
was initiated. During the next 5 days the 
patient was iatrogenically lipid overloaded, 
receiving 11 Lof 20% Liposyn II (6.2 g of fat 
per kilogram of body weight per day). The 
maximum recommended dosage of Liposyn 
II is 3.0 g of fat per kilogram of body weight 
per day. During this time the patient’s res- 
piratory status deteriorated and mechani- 
cal ventilation was initiated. On the 10th 
hospital day the patient was transferred to 
our medical center for critical care man- 
agement. 

The ophthalmology service was asked to 
consult on the day of transfer to document 
the ocular disease secondary to lipid over- 
load. The initial ophthalmologic examina- 
tion revealed exposure keratopathy affect- 
ing both corneas. The anterior chambers 
appeared clear as did the lens and vitreous 
in both eyes. Indirect ophthalmoscopy re- 
vealed a normal-appearing disc, vessels, 
and fovea in both eyes. Multiple, reflective, 
yellow, intraretinal deposits were scattered 
throughout the retina. These deposits var- 
ied in size from approximately 100 to 2000 
um in diameter. Many were associated with 
intraretinal hemorrhage (Fig 1). The intra- 
vascular blood did not appear lipemic but 
the patient was undergoing plasma ex- 
change during the examination. The pa- 
tient’s serum triglyceride level was greater 
than 10000 mmol/L at the time of the ini- 
tial examination and the serum was grossly 
lipemic. 

The patient was treated with plasma ex- 
change to remove the excess lipid. The pa- 
tient’s respiratory status rapidly improved 
and he was extubated within a few days. Six 
weeks after discharge the patient appeared 
to have made an excellent recovery from his 
illness. His best corrected visual acuity was 
20/20 OU. Anterior stromal corneal opaci- 
ties persisted in the inferior corneas in both 
eyes, although the epithelium was intact. 
The intraretinal deposits were smaller and 
appeared to be resolving. Fluorescein an- 
giography revealed multiple dense blocking 
lesions in the retina that coincided with the 
yellow deposits seen on ophthalmoscopy 
(Fig 2). 


Comment.—Liposyn II is a deriva- 
tive of safflower and soybean oils con- 
taining essential fatty acids. While it 
is generally safe when used in the rec- 
ommended dosage, iatrogenic fat over- 
load syndrome secondary to overdos- 
age of parenteral lipids has been re- 
ported in neonates and, less commonly, 
in adult patients. Sudden onset of fe- 
ver, hepatosplenomegaly, coagulopa- 
thy, and variable end-organ dysfunc- 
tions, such as respiratory failure, in 
association with an elevation of serum 
triglyceride levels are the hallmarks of 
this syndrome. These clinical findings 
were present in our patient. Other 





Fig 1.—Posterior pole appearance 2 weeks 
after the patient was transferred to our institu- 
tion. The lipid is deposited in the inner layers of 
the retina. 





Fig 2.—Fluoresceim angiogram obtained 2 
weeks after the patient was transferred to our 
institution shows blocking lesions in the retina. 


clinical stigmas previously reported in 
the fat overload syndrome include re- 
nal failure, seizures, and cardiac 
failure. Our patient exhibited evi- 
dence of extravasation of lipid into the 
inner layers of the retina, both on in- 
direct ophthalmoscopy and on fluores- 
cein angiography (Figs 1 and 2). This 
lipid deposition appears to be resolving 
with time and witheut alteration in 
the structure or function of the retina. 
MAJ JONATHAN G. Stock, MC, USA 
COL JOHN Pope, JR, MC, USA 
MAJ(P) RoBeRT W. ENZENAUER, MC, 
USA 
Aurora, Colo 


The opinions and assertions contained herein 
are the private views of the authors and are not 
to be construed as official oras reflecting the views 
of the Department of the Army or the Depart- 
ment of Defense. 
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‘Its like having a surgica 





Facilitating 
capsulorhexis 


441 use VISCOAT to make my tear 
capsulotomy easier and more con- 
sistent. As I use Utrata forceps to 
tear the anterior capsule, I want a 
well-maintained chamber for ease 
of movement as I grasp and 
regrasp the capsule. VISCOAT 
gives me that without the need for 
any additional irrigation. I find this 
beneficial, especially in cases with 
positive vitreous pressure where 
the tear is apt to run to the side. 77 
C.J. Anderson, MD 
Madison, Wisconsin 


*U.S. Patent Pending 


Preventing 
a capsular tear 
during phaco 


with VISCOAT** 


41 Its important to be able to con- 
trol the position of a jagged nuclear 
fragment with regard to the cornea 
and posterior capsule during 
phacoemulsification. By placing 
VISCOAT above and below the 
nucleus, I have this controland 
significantly reduce the risk ofa MF 
capsular tear. With VISCOAT, I can 
slow down the movement of the 
nuclear fragments, thus gaining 
more time to control them. And 

the protective layer of VISCOAT 
remains on the capsule and 

the cornea throughout my phaco 
procedure. // 










Robert Schnipper, MD 
Jacksonville, Florida 


assistant inside the eye. 





VISCOAT® as a 
capsular bandage 


44On the rare occasion that a pos- 
terior capsule tears, the tenacity of 
VISCOAT allows me to continue 
my planned procedure. At the first 
sign of a rent, I use VISCOAT as a 
bandage over the hole to prevent 
further tearing and to keep the vit- 
reous back. I can then proceed 
with removal of the nucleus, and 1 
continue to I/A for removal of the gest 
cortex, with less risk of vitreous ™ 
loss. // 

Robert G. Wiley, MD 

Toledo, Ohio 


The authors of these quotes have not received 
any financial consideration or other remunera 


have any financial or proprietary interests in 
VISCOAT. 


Please see next page for summary 
of VISCOAT product information. 


© Copyright, Alcon Surgical, Inc., 1989 









hat makes VISCOAT such a valuable 
“surgical assistant”? 
Simply stated, VISCOAT viscoelastic 


solution has the ability to adapt to and 
enhance your techniques for cataract removal 
and IOL implantation. 

As depicted in these three techniques, 
VISCOAT has an outstanding coating ability 
that lets it stay in place throughout your 
procedures! So you can be sure that it will 
protect delicate tissues even through the 
most intricate maneuvers. And its high 
viscosity gives you worry-free dome 
maintenance and provides superb tissue 
manipulation. 

How can you use this outstand- 
ing surgical assistant to your best 
advantage? We believe that you can 
combine the versatility of VISCOAT 
with your ingenuity to develop an 
array of techniques that will 
enhance surgery. 

In the meantime, if you would 
like to know more about the 
surgical techniques facilitated by 
VISCOAT viscoelastic solution, 
call Alcon Surgical at 
1-800-654-6243; in Washington 


State call 1-800-562-3299. —- a 


—— 





a 


+Glasser DB, Katz HR, Boyd JE, et al: Protective 
effects of viscous solutions in phacoemulsitfication 
and traumatic lens implantation. Arch Ophthalmol 
1989; 107:1047-1051. 


tion forthe use of these quotes, nor do they ai VISCOAT 


(chondroitin sulfate-sodium hyaluronate) 
Combine your expertise with 
its versatility 


Alcon 


SURGICAL 


Alcon Surgical, Inc., 6201 South Freeway 
Fort Worth, TX 76134 Toll free 1-800-654-6243 
In Washington State 1-800-592-3299 
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-VISCOAT’ 


(sodium chondroitin sulfate-sodium hyaluronate) 
Summary of Product Information 


INDICATIONS: VISCOAT® is indicated for use 
_ as a surgical aid in anterior segment procedures 
including cataract extraction and intraocular lens 
implantation. VISCOAT® maintains a deep cham- 
ber during anterior segment surgeries, enhances 
visualization during the surgical procedure, and 
protects the corneal endothelium and other ocular 
tissues. The viscoelasticity of the solution maintains 
the normal position of the vitreous face, thus pre- 
venting formation of a postoperative flat chamber. 





CONTRAINDICATIONS: At the present time, 
there are no known contraindications to the use 
of VISCOAT® when used as recommended. 


PRECAUTIONS: Precautions are limited to 
those normally associated with the surgical pro- 
cedure being performed. Although sodium 
hyaluronate and sodium chondroitin sulfate are 
highly purified biological polymers, the physician 
should be aware of the potential allergic risks 
inherent in the use of any biological material. 


ADVERSE REACTIONS: VISCOAT® has been 
extremely well tolerated in human and animal 
studies. A transient rise in intraocular pressure 
may be expected due to the presence of sodium hya- 
luronate, which has been shown to effect such a 
rise (9.8% >25 mmHg during 1-3 days after 
surgery in human clinical trials). 


HOW SUPPLIED: VISCOAT® is a sterile, non- 
pyrogenic, 0.50 ml, viscoelastic preparation sup- 
plied in a disposable syringe (encased in a plastic 
sheath with a threaded luer tip). A sterile 27- 
gauge, disposable blunt-tip cannula is provided 
separately. 


FOR INTRAOCULAR USE. 

Both VISCOAT® and cannula are for single 
use only. 

Store Between 2°-8°C(36°-46°F). Do Not Freeze. 


CAUTION: Federal law restricts this device to 
sale by, or on the order of, a licensed physician. 


Alcon Surgical, Inc. 
Bellevue, Washington 98008-5496 


Revised April 1989 
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Alcon Surgical Inc., 6201 South Freeway, 
Fort Worth, TX 76134, 1-800-654-6243 
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in Paperback! 





A unique chronicle 
of contemporary 
medical controversies 
and personalities 


Extraordinary Care 


By Dennis L. Breo 

This collection of exclusive original 
interviews, compiled over 10 years by AMA 
journalist Dennis L. Breo, provides new 
insights into the often controversial medical 
care of the famous and powerful and profiles 
many of the most intriguing names in 
medicine. These remarkable stories, told 
from the perspective of the physicians who 
lived them, resonate with a timeless 
authenticity. 


Award-winning investigative reporter 
Dennis L. Breo, is the Special Assignments 
Editor of the American Medical Association. 
His position has gained him unique access to 
the physicians involved in the most 
significant controversies of recent medicine. 


"Cajoling the Medical Sphinx to talk" 

"A monument .... from the inimitable 

Dennis L. Breo... the breadth of his exposure 
is unmatched by any other medical 
journalist... penetrating interviews... 
entrancing narrative... We can only hold 
Dennis Breo's hat, while tipping our own, as 
this diligent investigator recounts his 
findings.” 

- from the review in JAMA 


“Extraordinary Care is an extraordinarily 
good book.” 

~ from the foreword by Dr.William Nolen, 
author of The Making of a Surgeon 


Available in fine bookstores everywhere 
$4.95. For convenient telephone ordering 
call Random House Customer Service at 
1-800-733-3000 











© Washington, DC—The federal government intends to 

hold the growth in Medicare spending on physician services 

to 9.1% during 2990. This figure, announced in the January 

1, 1990, Federal Register, was determined by the Depart- 

ment of Health and Human Services (HHS) using the new 

Medicare Volume Performance Standard (MVPS) created 

in the budget reconciliation bill enacted late last year. 

The MVPS was derived from 

è the weighted average percentage increases in reason- 
able charges fer physician services in fiscal 1990 (HHS es- 
timated this will be 2.3%); 

@ the 1989 to 1990 increase in the average number of 

_. Medicare enrollees who are not in risk-based health main- 
< tenance organizations (estimated at 1.7%); 

Š e the average annual growth in volume and intensity of 
_ physician services for fiscal year 1985 through 1989 (esti- 
= nated at 7.3%); and 

-=e the increase or decrease in expenditures projected in 

1990 asa result of legislation and regulations (estimated at 

alt). 

The resulting figure is 9.6%, which, with the 0.5% auto- 
matie reduction called for in calculating the standard, re- 
sults in the 91% MVPS (AM News. January 12, 1990:1). 

The HHS will also determine which services are to be in- 
cluded in the MVPS. These services are identified in the 
Federal Register as 

è physician services; 

è services and supplies furnished incident to physician 
services; 

Se © aut 

-e antigens. prepared by or under the supervision of a 

_ physician; 

- @ services of physician assistants, nurse anesthetists, 
nurse midwives, psychologists, and social workers; 

è diagnostic x-rays, laboratory tests, and other diagnos- 
tic tests; 

è x-ray, radium, and radioactive isotope therapy, and 

è surgical dressings, splints, casts, and other devices for 
reducing fractures and dislocations. 

Altheugh the MVPS was published on January 1, 1990, it 
will be retroactive to October 1, 1989. Therefore, physicians 
will be held responsible for volume increases 3 months be- 
fore the anneurcement of the standard. Also, data giving 
physicians an idea of how Medicare’s current physician ex- 

teres compare with the MVPS will not be available 









atient physician, speech, and occupational ther- 



















ic WED. Springer, Section Editor 
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ating the 1990 Medicare Volume Performance 


and Forecasting for 1991 


until late January. 

Failure to meet the standard will not affect physician fees 
until 1992. At that time, Congress will use a comparison of — 
the MVPS and actual 1990 spending to determine the year’s 
fee updates. The HHS will announce its recommended up- — 
date in April, and the Physician Payment Eeform Commit- — 
tee will give its recommendation in May. Congress will then 
determine the final update. 

If Congress fails to act, the update by cefault would be 
inflation minus 2% in 1992 and 1993, inflation minus 2.5% 
in 1994 and 1995, and inflation minus 3% thereafter. 


The Bush Administration has recommended even further Ae 
cuts for physician payment in 1991. The White House Office — r 
of Management and Budget (OMB) budget proposal recom- 


mends 

@ expansion of the list of “overvalued” procedures to in- 
clude any procedure with prevailing charges more than 5% 
(compared with 10% under current law) above the expected 
price under a resource-based fee schecule: 

è reduction of geographic variations in payments by set- 
ting a ceiling (100% to 120% of the national average after 
adjustment for local practice costs) aad floor (75% of the 
adjusted national average) on payments; 

è slicing of surgical global fees to reflect length-of-stay 
reductions between 1981 and 1987; 

è elimination of Medicare payment for assistants at sur- 
gery except for certain procedures designated in reguiation 
(specifically, the proposal would limit payments for assis- 
tants at surgery to 12% of the global surgical fee anc then 
reduce the primary surgeon’s fee by the amount paid to the 
assistant); 

è capping of payments for the nonphysician component 
of diagnostic tests at the national average without adjust- 
ing for differences in local practice costs; 


eè elimination of payments for interpretation of electro-  _ 


cardiograms on the grounds that this is already covered in 
the fee for physician visits; 


ə making geographically adjusted reductions averaging — os 


10% in payments for anesthesiology services; 
è reducing payments for supervising nurse anesthetists, 
and 


è capping the amount of anesthesielogy time Medicare E 


would cover at 110% of the operating reom time (AM News. 
January 12, 1990:5). 
The 1991 budget proposal was submitted to Congress in 


late January and, if approved, would result in additional — 


cuts to Medicare of more than $1 billion on top of the $1.5 a 
billion fee cuts in the 1990 budget. | ea 
_ JULIE Foremz 























Book Reviews 
Edited by Daniel M. Albert, MD 


Ophthalmology Annual 1989, edited 
by Robert D. Reinecke, 384 pp, with illus, 
New York, NY, Raven Press, 1988, $95. 


Ophthalmology Annual 1989 is a col- 
lection of chapters on topics of broad 
clinical interest. Although the chap- 
ters range in style from the scholarly, 
such as Dr Hayreh’s “Arterial Hyper- 
tension and Its Ophthalmic Complica- 
tions,” to the “how I do it,” they all 
share an emphasis on practical man- 
agement issues. This common thread 
constitutes the broad appeal of this 
volume. 


E AA ee 
“...range in style from the 

scholarly ...to the ‘how I do 

TAT 

E E EEA LAT 


Several of the chapters provide com- 


_ prehensive reviews of common oph- 
_thalmic disorders. For example, the 
chapter on recurrent corneal erosion 
~ (Dr Laibson) succinctly presents the 


symptoms, signs, pathophysiology, 
and range of treatment options for this 
common problem. Likewise, chapters 
on central serous chorioretinopathy 
(Drs Hampton and Hay) and orbital 
floor fractures (Dr Bosniak) clearly 
summarize the major diagnostic and 
therapeutic issues for these conditions 


and provide complete bibliographies 


for those interested in pursuing them 
further. 
There are chapters that would be 


considered cursory by experts. For ex- 


ample, chapters on clinical aspects 
of electroretinographic, electro-oculo- 
graphic, and visual evoked cortical re- 
sponse testing keep to the basics. How- 
ever, most readers, like me, will appre- 
ciate the omission of many of the 
nuances of this area in return of the 
clear guidelines and explanations of 
both the strengths and limitations of 
these techniques as presented. Like- 


> wise, the chapter on vitreous injec- 
o tions (Drs Tolentino et al), while inade- 
quate as a reference for retinal spe- 


cialists, will clarify the properties of 


_ various gases and their indications for 
use to the general ophthalmologist. 


A chapter of broad practical interest 


—  isoneon ophthalmic anesthesia by Dr 


Grizzard. Although one may not nec- 
essarily agree with the author’s pre- 
cise choice of needles or anesthetic 
mixture, this chapter presents an ex- 
cellent review of the anatomy relevant 
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to periocular and retrobulbar injec- 
tions and will bring to focus for every 
reader the ingredients necessary for 
safe, yet effective, ocular anesthesia. 
Insummary, Ophthalmology Annual 

1989 contains clear expositions of a 
potpourri of clinically relevant topics. 
Ophthalmology residents and nonspe- 
cialists will find this book a valuable 
resource. 

OLIVER D. SCHEIN, MD 

Boston, Mass 


Optics for Ophthalmologists: A 
Board-Review Manual, by Alfredo A. 
Sadun and James D. Brandt, 104 pp with 
56 illus, New York, NY, Springer-Verlag 
NY Inc, 1987, $19.95. 


This book is unfortunately riddled 
with errors, inappropriate terminol- 
ogy, incompletely explained or inaecu- 
rate concepts, mathematical mistakes, 
and incorrectly drawn diagrams. For 
example, the definition of “vergence” 
as a “direction” on page 5 is inaccurate 
and unusable. The definition of “object 
space” on page 8 is incomplete, not 
taking into account virtual object 
space to the right of the lens. On pages 
10 and 14, objects and images are said 
to “have” vergence, and objects and 
images are actually labeled with the 
capital letters “U” and “V,” rather 
than the customary “O” and “I.” This 
will cause great confusion among oph- 
thalmology residents. On page 21, the 
definition of “magnification” is not an 
intuitive one, but rather is presented 
as a mathematical definition of little 
lasting use to the ophthalmologist. On 
page 38, “f-stop” is confused with “ap- 
erture.” On pages 42 to 44, the term 
“chief ray” is used where “central ray” 
is more appropriate. On page 42, a “ray 
of light” is spoken of as having ver- 
gence. This is impossible, for only a 
bundle of rays can have vergence. 


A INEA Re ee ee 
“,..the authors have made nu- 
merous mistakes throughout the 


text...” 
RE E EE 


On page 47, the index of refraction of 
the vitreous is given as 1.38. It should 
be 1.33 or 1.34, and this greatly affects 
the later problem on page 87. On page 
50, total internal reflection is described 
as occurring at the cornea, implying 
the inner surface of the cornea, 
whereas it actually occurs at the tear- 
air interface. On page 55, no units are 
given for the power of mirrors, and 
also in the problems dealing with mir- 
rors on page 61. Also on page 61, a sign 
error leads the authors to state that 








the virtual image produced by the cor- 
nea is inverted. This is incorrect: it is 
upright. On page 67, the aceommoda- 
tive convergence/accommodation ra- 
tio is inverted, with accommodation 
being described as being in the numer- 
ator, rather than accommodative con- 
vergence. On page 71, there is no dis- 
tinction made between meridian and 
axis in the authors’ attempt to avoid 
meridian terminology. On page 81, 
mathematical errors are made and an 
inappropriate concept is also used— 
that of the focal plane of the intraoc- 
ular lens (in fluid) falling at the far 
point (in air) of an aphakic eye. Fig- 
ures 25, 38, and 56 are drawn incor- 
rectly. The answers to multiple-choice 
questions 3, 17, 21, and 23 are wrong. 
Not enough information is given in 
question 23 to enable solving the prob- 
lem. On the last page of the book, page 
104, the superscripts “delta” and “de- 
gree” have been inappropriately inter- 
changed. 

In summary, in attempting to sim- 
plify basic ophthalmic opties, the au- 
thors have made numerous mistakes 
throughout the text and diagrams. The 
book can therefore not be recom- 
mended in its present form. The con- 
cept of the manual is a popular one, 
however, and I encourage the authors 


to revise their work with exquisite at- _ 


tention to detail and, whenever possi- 
ble, in accordance with the terminol- 
ogy used in the Optics, Refraction and 
Contact Lenses section of the Ameri- 
can Academy of Ophthalmology’s Ba- 
sic and Clinical Science Course. 
Davin L. Guyton, MD 
Baltimore, Md 


An Atlas of Diseases of the Eye, 
3rd ed, by E. S. Perkins, P. Hansell, and 
R. J. Marsh, 90 pp, with illus, New York, 
NY: Churchill Livingstone Inc, 1986, 
$22.50. 


The third edition of An Atlas of Dis- 
eases of the Eye by Drs Perkins, 
Hansell, and Marsh is an illustrated 
guide to the more common and impor- 
tant ocular disorders. The specialty of 
ophthalmology is ideally suited to such 
an atlas as many of its clinical entities 
have a characteristic appearance. It is 
approximately 90 pages long and con- 
tains more than 230 illustrations, al- 
most all of which are in color and of 
good quality. 

The text and illustrations are ar- 
ranged in a well-organized and easy- 
to-read fashion. The text is concise and 
divided into 38 chapters that follow a 
logical sequence. Beginning with the 
normal eye, abnormalities of the orbit, 
lids, lacrimal system, conjunctiva, cor- 
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nea, sclera, area, and retina are de- 
scribed. Discrcers of the posterior seg- 
ment occupy about one half of the at- 
las. Each chapter, although having 





“The specialty of ophthalmology 
is ideally suited to such an at- 
las...” 





obvious space Limitations, attempts to 
provide an overview of a particular 
topic, with attention given to its 
causes, clinical features, and treat- 
ment. 

As statedir its preface, An Atlas of 
Diseases of te Eye is intended for the 
student, the general medical practitio- 
ner, and Speck lists in other branches 
of medicine. E fulfills these objectives 
admirably. 





Joun V. THOMAS, MD 
Boston, Mass 


Documenta Ophthalmologica Pro- 
ceedings Seres 48, Ophthalmic 
Echography, -roceedings of the 10th 
SIDUC, editee by K. C. Ossoinig, 621 pp 
with illus, Boston, Mass, Dr W. Junk Pub- 
lishers (Kluwer Academic), 1987, $150. 

The proceedings of the 10th Inter- 
national Secsety for Ultrasound in 
Ophthalmology (SIDUO) Congress 
(1984) provide a good spectrum of arti- 





$ 3 cles and abstzacts that cover virtually 


a every nema af Bite arcnoureD from 





cea result ts and shes as the re- 
sult of lengthvinvestigations. There is 
also a significant and relatively new 
section that stows tremendous poten- 
tial for futere research regarding 
mechanisms of measuring ocular blood 
flow using Leapier techniques; the im- 
plications for future study of ocular 
vascular disease are obvious. 





cover dela every aspect 


oo uitrasonegraphy.. 


These Petcare should prove 
valuadie net-only to those who are se- 
riously involved with diagnostic and 
therapeutic ultrasonography but also 
for those less involved who wish to 
have an overview of ophthalmic ultra- 
sonography 

As ene mgnt expect, a major part of 
the book ‘s dedicated to biometric 
analyses ofevery part of the eye. Some 
of the articles and abstracts confirm 
previeusly documented literature, 
» while others shed new light on these 








` areas. The sections on biometry also 


address areas that have not received 
_ much attenten in the past, such as 
changes in tke lens that occur with ac- 
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commodation and sophisticated tech- 
niques for measuring the thickness of 
the retina, the choroid, and the sclera. 
For those interested in biometrie in- 
formation regarding the eye, there is 
unlikely to be any text with more com- 
prehensive coverage. 

In this book, investigators from 
around the world report on their ef- 
forts to improve the technology and 
sophistication of tissue differential di- 
agnoses and image displays. There are 
also a number of articles that describe 
the enhanced diagnostic capabilities of 
digital displays. 

Of particular value is the fact that 
this book is not dedicated to either A- 
scan or B-sean ultrasonography. In- 
stead, the articles are equally repre- 
sentative of both diagnostic modali- 
ties, proving again that the two 
enhance one another and for the most 
part are used concurrently. 

SIDUO meets every 2 years, and 
each of its proceedings provides a com- 
prehensive 2-year update on diagnos- 
tic and therapeutic ultrasonography. 
Itis clear from comparisons with prior 
proceedings that ultrasonography is a 
dynamic area of investigation and that 
technology is enabling us to accom- 
plish things in medicine that were not 
possible in the past. The measurement 
of ocular blood flow and the therapeu- 
tic use of ultrasound are two examples 
of this phenomenon. 

I can, therefore, recommend this 
book to both the serious ultrasonogra- 
pher and to the reader with only a ca- 
sual interest in this field. 

BARTON HODES, MD 
Tucson, Ariz 


Glaucoma Update Ill, edited by G. K. 
Kreigistein, 270 pp, with 123 illus and 70 
tables, New York, NY: Springer-Verlag NY 
Inc, 1987, $80.60. 


Gunter Kreiglstein edited a collec- 
tion of reports presented at the third 
committee meeting of the Glaucoma 
Society of the International Congress 
of Ophthalmology held in Bussum, the 





.takes a body of research 
presentations directly from the 
‘conference podium’ to the reader.” 





Netherlands, from September 11 to 14, 
1986. Over 80 distinguished research- 
ersin the field of glaucoma produced 37 
reports covering a wide variety of sub- 
jects that were discussed at this nor- 
mally “closed” meeting. 

The contents of this volume have 
been loosely grouped into broad, re- 
lated topics. Both basic sciences and 
clinical research are well represented. 
Broad areas of investigation include 


trabecular meshwork morphology, op- 
tic nerve morphology and physiology, 
epidemiological investigations of in- 
fantile and primary open angle glau- 
coma, automated visual field studies, 
both experimental and clinical laser 
studies, antimetabolites in filtering 
surgery, and new approaches in phar- 
macological management of glaucoma. 
In general, these repcrts are well writ- 
ten and concise. Illustrations, tables, 
and micrographs are sufficiently em- 
ployed throughout. Eibliographies are 
a valuable addition to each entry, and 
a subject index far the entire volume is 
provided. 

It is common knowledge that most 
society or congress proceedings that 
are published are 5 to 10 years out of 
date before ther reach the reader’s 
hands. Glaucoma Update III repre- — 
sents an attempt to cut this “lag- 
time”; it takes a body ef research pre- 
sentations directly from the “confer- 
ence podium” tc the reader. Though 
the time delay bas been greater than 
desired, in many respects this format 
has succeeded. There has been no at- 
tempt to make this collection an all- 
inclusive textbock on glaucoma, or for 
that matter a reference text. This vol- 
ume is an eclectic, informative look at 
various areas of active investigation in 
the field of glaueoma. It will be most 
useful to the glavcoma subspecialist or 
ophthalmologists with a special inter- 
est in glaucoma. 

R. RAND ALLINGHAM, MD 
Boston, Mass 


Contact Lenses: A Guide to Selec- 
tion, Fitting, and Management of 
Complications, edited by Susan M. 
Stenson, 279 pp with illus, Norwalk, 
Conn, Appleton & Lange, 1987, $69.95. 


The subject cf contact lenses be- 
comes more complicated almost daily. 
For one who has little exposure, the 
discovery of a path to clinical mastery 
may be frustrating. Contact Lenses: A 
Guide to Selection, Fitting, and Man- 
agement of Complications offers a 
painless introduction. 





‘ .. recommenced as a primer in 
contact lenses.” 





In the first two chapters, the reader 
is presented with excellent back- 
ground in the prefitting evaluation of 
patients. Patiert needs and expecta- 
tions are well addressed. Contraindi-, 
cations to cosmetic lenses are thor- ` 
oughly presented. The endothelial cell 
loss controversy is mtroduced, as well 
as useful information about the use of 
facial cosmetics. Pertinent aspects of 
the ocular examination are most de- 
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tailed and are helpful to all profession- 


; _ als who wish to strengthen their clin- 


ical acumen. 

The chapter devoted to hard lenses 
offers a brief but useful overview of the 
history of rigid lenses, as well as a lu- 
cid explanation of materials and man- 
ufacturing techniques. Basic fitting 
techniques in rigid lenses are practical 
and reasonably well explored; clinical 
examples are included. A table of pres- 
ently available rigid gas-permeable 
contact lenses lends moral support to 
the neophyte. 

An introduction to the soft lens fit- 
ting technique emphasizes a survey of 
lens types and general comments 
about fitting. It is not a practical pre- 
sentation of the mechanical processes 
necessary for successful contact lens 
dispensing. Included is a comprehen- 
sive table of currently available soft 
lenses. Comments about soft lens care 
methods are also useful. Attention to 
patient problems after wear has begun 
is, at best, sketchy. 

The subject of specialized fitting 
~~ techniques offers a broad perspective. 
` Approaches to keratoconus are care- 
fully reviewed; even prosthetics are 
discussed. Contact Lenses is disap- 


-pointing in its limited descriptions of 


important lens types. There is insuffi- 
cient consideration of cosmetic extend- 
ed-wear lenses. Equally deficient is the 
absence of practical techniques in fit- 
ting toric rigid and soft contact lenses. 
= One particularly strong chapter is 

devoted to hard and soft lens compli- 
cations. The color photographs are ex- 
cellent, the black-and-white photo- 
graphs useful, and the clinical discus- 


sions most comprehensive. This 
chapter alone makes the book worth 
purchasing. 


There is repetition of material in 
some chapters, as well as limited dis- 
cussion of some aspects of the compli- 
cated art of contact lens fitting. Nev- 
ertheless, the book is well written, up- 
to-date, and not intimidating. It is 
recommended as a primer in contact 
lenses. 

JAMES R. LEE, MD 
Winthrop, Mass 


The Cornea: Transactions of the 
World Congress of the Cornea Ill, ed- 
ited by H. Dwight Cavanagh, 672 pp with 
illus, New York, NY, Raven Press, 1988, 
- $110. 


This volume is a compendium of re- 
ports presented at the Third Interna- 
tional Congress on the Cornea held in 
Washington, DC, in the spring of 1987. 
The participants numbered in the hun- 
dreds, including pure basic scientists, 
clinician-scientists, and pure clini- 
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cians, and came from some 28 coun- 
tries worldwide. The topies discussed 
ranged from basic scienee and new 
technologies to reviews of known clin- 
ical entities. There are also reports on 
recent clinical studies and surgical 
techniques, as well as preliminary 
glimpses into areas that have potential 
importance for future clinical applica- 
tions. 


“...much like shepping at 
Christmastime...” 

SSSA a Se ARN ee 

A journey through this book is very 
much like shopping at Christmastime: 
the stores are laden with goods, the 
shelves are stocked with materials 
that appeal to various appetites, and 
the variety of enticements will cer- 
tainly make for a pleasart shopping 
spree. Clearly, there is something for 
everyone, but not all shoppers will find 
equal interest and value in all of the 
offerings. As in a supermarket, the 
nutritive value of the various products 
varies, and all the articles on display 
are not of equal worth. Particularly, 
let the buyer beware, beeause scat- 
tered among the heavy tortes are some 
soufflés. 

The reader should be aware that this 
volume is not a textbook but a collec- 
tion of reports that varies widely in its 
contents. Nor is this volume a compre- 
hensive coverage of what we know 
about the cornea. The editor has at- 
tempted to group the varicus reports 
into 10 general sections: the tear film 
and ocular surface, corneal hydration 
and corneal clarity, cornea and sys- 
temic diseases, biophysical aspects of 
the cornea, contact lenses and the cor- 
nea, surgery of the cornea, corneal im- 
munology, dystrophies and degenera- 
tions, infectious disease, and refrac- 
tive corneal surgery. Within each 
section, the reports vary greatly in 
length, style, and content, and none of 
the sections contains a collection of 
reports that comprehensively review 
all (or most) of what is (or should be) 
known on the subject. Furthermore, 
some reports appear arbitrarily to be 
included within a particular section. 
Why, for example, is one report enti- 
tled “Corneal Hydration and Clarity” 
discussed not under the section, “Cor- 
neal Hydration and Clarity” but under 
the section “Tear Film ard Ocular 
Surface”? Or, for example, why is one 
report entitled “Modification of Cor- 
neal Wound Healing by Growth Fac- 
tors” listed in the section “Tear Film 
and Ocular Surface,” while ene report 
on the “Role of Fibronectin in Corneal 
Epithelial Wound Healing” is listed in 
the section “Refractive Corneal Sur- 


gery”? All of this means that this vol- 
ume does not make for an easily read, 
coherent text. 

On the other hand, by consulting the 
index, the reader will find up-to-date 
discussions of selected topics that may 
be of real interest. Indeed, many of the 
articles address issues on the cutting 
edge of ophthalmie research and ther- 
apy. This is hardly a book to consult as 
a primary reference, but it is certainly 
a volume that touches on many of the 
subjects that were of interest to those 
scientists and clinicians involved with 
the cornea in the late 1980s. 

ARTHUR BorucHorr, MD 
Boston, Mass 


Ophthalmic Surgical Procedures, by 
P. Hersh, 416 pp, with illus, Boston, Mass, 
Little Brown & Co Inc, 1988, $65. 


Ophthalmic Surgical Procedures, by 
Peter S. Hersh, MD, is an easy-to-read 
and well-illustrated textbook on the 
commonly performed ophthalmic sur- 
gical procedures. It has a very com- 
plete bibliography and index, and it 
appears to be nicely suited for the 
medical student rotating through oph- 
thalmology as well as for the ophthal- 
mology resident in training. There are 
general chapters that discuss surgical 
instrumentation, sutures, anesthesia, 


“.. nicely suited for the medical _ 
student rotating through ophthal- 
mology...” 





and preoperative and postoperative 
surgical care, and chapters that review 
the commonly performed ophthalmic 
surgical procedures with comments on 
the indications for the procedure, the 
preoperative preparation, instrumen- 
tation, postoperative care, and poten- 
tial complications. The reader should 
realize that the procedures described 
and illustrated may not be the ones 
that might be encountered in his or her 
own particular hospital or training 
program. The reader of this text 
should also recognize that what is pre- 
sented is not the only way that a sue- 
cessful operation of the type described 
can be performed; the book provides an 
overview of the procedures and de- 
scribes one or more techniques favored 
by the author. The reader must also 
recognize that some of the areas de- 
scribed are best handled by a subspe- 
cialist. 

Dr Hersh has provided a concise, 
easy-to-read book for the beginner in 
ophthalmic surgery that presents a 
clear overview of a complicated subject 
matter. 

Lours A. Karp, MD 
Philadelphia, Pa 
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~ Questions and Answers 
Edited by Stewart MacKay Wolff, MD 











"he rapid and complex advances in ophthalmic science make it difficult for us all to keep up with the many 
ehanges that are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be 


ele: 





ly stated and reasonably focused. We cannot expect our consultants to respond to questions that are tao 


ranging and not clearly defined. Please limit your questions to five or six double-spaced lines ard foi- 
w the guidelines put forth in our “Instructions for Authors” (readily found in any even-numbered issue 
oft the ARCHIVES). A signed copyright transmittal letter to the AMA should accompany all submissions. We 
poy asked our referees to limit their answers to 35 lines. Questions should be sent to Stewart M. Wolff, MD, 
E Chase St, Baltimore, MD 21202. We will do our best to provide answers to all appropriate questions. 





 Apracionidine Uses 





What uses are there for 1% apracionidine hydrochloride 

other than $e prophylactic prevention of the postoperative 

intraocular pressure rise complicating laser iridotomy,’ 
trabeculepiasty;*" and capsulotomy? 


Apraclonidine hydrochloride is a relatively selective 
A a-2-agonist. It decreases intraocular pressure (IOP) 
by diminishing aqueous humor formation. Apraclonidine 
alse causes marked anterior segment vasoconstriction. It 
‘ly aporoved by the Food and Drug Administra- 
tion for the uses mentioned in the question. However, a 
physician may prescribe an approved medication for an 
unappreved application or in a dosage not recommended by 
~ the labeling if it is considered to be in the patient’s best 
interest. 
> Apraclonidine may be helpful in many situations requir- 
ort-tern»1OP lowering. It may further lower the IOP 
in eyes with acute pupillary block glaucoma. In uveitic and 
hemolyti ie glauzoma, apraclonidine is administered only af- 
ter conventieral medical therapy fails and may be given 
every & to 12 beurs until the IOP is adequately lowered. 
Cataract suzgery can be complicated with both anterior 
segment bleeding and an acute IOP elevation. Apracloni- 
dine given ] heur before surgery and every 12 hours after- 
ward can minimize bleeding and reduce the frequency and 
eset of this IOP elevation. 
















o wi 


t icant a Examples aR eyes undergoing cataract 

surgery, Q-switched neodymium-YAG laser iridotomy, hy- 
o phemas thatrebleed, and inflamed eyes undergoing intraoc- 
~ ular surgery. 

Long-ier~<praclonidine therapy in eyes with open angle 
glaucoma appears promising, especially when used as ad- 
junctive therspy, and may produce enough additional IOP 
lowering te avoid glaucoma surgery. 









ALAN L. ROBIN, MD 
Baltimore, Md 


1. Bobin AL. Palack IP, deFaller JM. Effects of topical ALO 2145 (p-ami- 
noclonidine hrdrsehloride) on the acute intraocular pressure rise after ar- 
gon laser : ridos: my. Arch Ophthaimol, 1987,105:1208-1211. 
2. Brown EA. Stewart RH, Lynch MG, et al. ALO 2145 reduces the 
intraccalar pressure elevation after anterior segment laser surgery. Oph- 
habmoiogy. VE I5:3T8-384, 
3. ‘Reba AE, Pollack IP, House B, Enger C 





C. Effects of ALO 2145 on 


= 2 intraocalar presure following argon laser trabeculoplasty. Arch Ophthal- 
7 mol, L9STAGSGAE-G50. 
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Lyme Disease Appears to Have Many Ocular 
Manifestations 


Q What is the best laboratory workup available at this time 
in a patient suspected to have Lyme disease? 


The serologic diagnosis of Lyme borreliosis is often 
A difficult, and controversy exists.'° At the Bascom 
Palmer Eye Institute, Miami, Fla, we advise the following 
as an initial screening study (which requires one red top 
tube of blood, or about 2 to 3 mL of serum): one should order 
a Lyme-Treponemal Panel from Microbiology Reference 
Laboratory (MRL), 10703 Progress Way, Cypress, CA 90630- 
4714. This order will provide a VDRL witk titer, a fluores- 
cent treponemal absorption antibody test, a Lyme immu- 
nofluorescent IgG and IgM titer, and a quantitative Lyme 
enzyme-linked immunosorbent assay. The eost for the pack- 
age of all four tests is $75. 

If further study is indicated, one can then order from 
MRL the following: (1) a Lyme Western Blet, and if this test 
and the others are all negative, and diagnosis is still sus- 
pected, one can send a green top tube of blood drawn on a 
Monday or Tuesday and sent by overnight mail (requires 
fresh white blood cells) to MRL and ask for (2) a Lyme 
lymphocyte stimulation test, and (8) a Lyme polymerase 
chain reaction test. The latter tests are mcre expensive and 
somewhat more investigative, but this entire panel— 
VDRL, fluorescent treponemal absorpticn antibody test, 
Lyme immunofluorescent antigen titer, Lyme enzyme- 
linked immunosorbent assay, Lyme Western Blot, Lyme 
lymphocyte stimulation test, and Lyme polymerase chain 
reaction test—is the most complete, aecurate, and inexpen- 
sive battery of tests for Borrelia burgdorferi infection now 
readily available to the clinician, to eur knowledge. 

J. Lawton SMITH, MD 
Miami, Fla 


1. Smith JL, Parsons TM, Paris-Hamelin AJ, Porschen RK. The preva- 
lence of Lyme disease in a nonendemic area: a comparative serologic study 


in a south Florida eye clinie population. J Clin Neuro Ophthalmol. 1989; a 


9:148-155. 
2. Schwartz BS, Goldstein MD, Riberio JMC, Schuize TL, Shahied SI. An- 
tibody testing in Lyme disease. JAMA. 1989,26% 3431-3434. 
3. Magnarelli LA. Quality of Lyme disease tests. JAMA. 1989;262:3464. 
4. Winward KE, Smith JL. Ocular disease in Caribbean patients with se- 
rologic evidence of Lyme borreliosis. J Clin Newro Ophthalmol. 1989;9:65-70. 
5. Winward KE, Smith JL, Culbertson WW, Paris-Hamelin A. Ocular 
Lyme borreliosis. Am J Ophthalmol. 1989;108:651-658. 







News and Comment 


1990 Lighthouse Pisart Vision Award 
Call for Nominations.—The Lighthouse, 
a not-for-profit organization serving 
blind and visually impaired people, has 
announced a call for nominations for 
the 10th Annual Pisart Vision Award 
to be presented on Tuesday, September 
25, 1990. Open to citizens of any coun- 
try, the $15000 award and accompa- 
nying sculpture are for the prevention, 
cure, treatment, or care of blindness. 
Candidates for the award may repre- 
sent any discipline that seeks to ame- 
liorate the effects of blindness or to 
prevent blindness or visual impair- 
ment, including, but not limited to, 
medicine, basic scientific research, en- 
gineering, rehabilitation, or public or 
private services. The contribution may 
be a new investigation, invention, or 
noteworthy finding, or it may repre- 
sent accomplishments of contempo- 
rary relevance that have been made 
over a period of time. All nominations 
must be postmarked on or before April 
15, 1990, and sent to: Chairman, Pisart 
Vision Award Committee, The Light- 
house, 111 East 59th St, New York, NY 
10022. For more information, contact 
Ms Lila Rosenbloom, (212) 355-2200, 
extension 1420. 


Denis M. O’Day, MD, Named Michael 
J. Hogan Professor of Ophthalmology.— 
Denis O’Day, MD, of Nashville, Tenn, 


Obituaries 


BANDIERA, Samuel Joseph, 58, Brook- 
ings, SD; Creighton University School 
of Medicine, 1967; residency, Cleveland 
Clinic Foundation, 1974; certified by 
the American Board of Ophthalmol- 
ogy; died October 28, 1989. 


COWEN, Jack Posner, 83, Scottsdale, 
Ariz; Rush Medical College of Rush 
University, 1932; certified by the 
American Board of Ophthalmology; 
died December 5, 1989. 


CRAGE, Francis Michael, 94, Santa 
Barbara, Calif; State University of 
New York at Buffalo, School of Medi- 
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Denis M. O'Day, MD 


has been named the Michael J. Hogan 
Professor of Ophthalmology at Van- 
derbilt University School of Medicine, 
Nashville. The professorship honors 
Dr Michael J. Hogan, who was professor 
and chairman of the Department of 
Ophthalmology at the University of 
California, San Francisco, during Dr 
O’Day’s residency there. 


Additional Results of Early Treatment 
Diabetic Retinopathy Study Announced. 
—Early Treatment Diabetic Retinop- 
athy Study (ETDRS) investigators an- 


cine, 1919; certified by the American 
Board of Ophthalmology; died October 
16, 1989. 


FERGUSON, Edmund G., 88, Oklahoma 
City, Okla; University of Oklahoma 
College of Medicine, 1929; died Novem- 
ber 17, 1989. 


HOLMES, William John, 78, Honolulu, 
Hawaii; Rush Medical College of Rush 
University, 1934; residency, Rush- 
Presbyterian-St Lukes Medical Cen- 
ter, 1935, Cook County Hospital, 1937; 
certified by the American Board of 
Ophthalmology; died September 20, 
1989. 


nounced additional study results at a 
1989 American Academy of Ophthal- 
mology annual meeting symposium. 
The speakers summarized the ETDRS 
study design and explained that (1) fo- 
cal laser photocoagulation is effective 
in minimizing visual loss related to di- 
abetic macular edema; (2) scatter laser 
treatment reduces the risk of severe 
visual loss, but that full scatter treat- 
ment exacerbates macular edema 
more than does partial scatter; and (3) 
aspirin treatment for study patients 
does not appear to alter the progres- 
sion of diabetic retinopathy or to in- 
crease the risk of severe visual loss. 


Gene Discovered for Retinitis Pigmen- 
tosa.—Drs Eliot Berson and Thaddeus 
Dryja, and colleagues, of the Massa- 
chusetts Eye and Infirmary in Boston, 
recently announced the identification 
of a defect in the gene responsible for 
rhodopsin in 17 of 148 patients with 
autosomal dominant retinitis pigmen- 
tosa (RP). Rhodopsin is found in rod 
cells. Rod cells, instrumental in night 
vision, are damaged in early RP. The 
discovery does not offer treatment for 
RP, but it will help ophthalmologists 
determine which family members are 
affected. A commercial test is not yet 
available but the researchers are 
working to make a diagnostic blood 
test generally available. 


JESSEL, Erwin, 82, Floral Park, NY; 
Fried-Wilhelms University Medical 
Facility, Berlin, 1931; certified by the 
American Board of Ophthalmology; 
died September 8, 1989. 


KNAUER, William Jerome, 93, Jackson- 
ville, Fla; Emory University School of 
Medicine, 1922; certified by the Amer- 
ican Board of Ophthalmology; died 
August 20, 1989. 


LACHMAN, Bernard E., 78, Allentown, 
Pa; University of Wien, Medical Facil- 
ity, 1937; residency, The Graduate 
Hospital, 1953; certified by the Amer- 
ican Board of Ophthalmology; died 
October 23, 1989. 
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Pred-G” 


(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 
Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred-G suspension is indicated for steroid- 
responsive inflammatory ocular conditions far which a corticosteroid 
is indicated and where superficial bacterial ocular infection or a risk 
of bacterial ocular infection exists. Ocular steroids are indicated in in- 
flammatory conditions of the palpebral and bulbar conjunctiva, cor- 
nea, and anterior segment of the globe where the inherent risk of steroid 
use in certain infective conjunctivitises is acceptec to obtain a diminu- 
tion in edema and inflammation. They are also indicated in chronic 
anterior uveitis and corneal injury from chemical, radiation, or thermal 
burns or penetration of foreign bodies. The use of a combination drug 
with an anti-infective component is indicated where the risk of superficial 
ocular infection is high or where there is an exoectation that potentially 
dangerous numbers of bacteria will be presentin the eye. The particular 
anti-infective drug in this product is active against the following com- 
mon bacterial eye pathogens: coagulase-positive and coagulase-negative 
staphylococci, including Staphylococcus aureus, and certain strains 
that are resistant to penicillin; Group A beta-hamolytic and non-hemo- 
lytic streptococci, and Streptococcus pneumoniae; Escherichia coli; 
Hemophilus influenzae; Klebsiella/Enterobacter species; Neisseria 
species, including Neisseria gonorrhorea; Pseudomonas aeruginosa; 
indole-positive and indole-negative Proteus species; and Serratia 
marcescens. CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral diseases 
of the cornea and conjunctiva. Mycobacterial infection of the eye. Fungal 
diseases of the ocular structures. Hypersensitivity to a component of 
the medication. (Hypersensitivity to the antidiotie component occurs 
at a higher rate than for other components.) Pred-G-suspension is always 
contraindicated after uncomplicated removal of a corneal foreign body. 
WARNINGS: Prolonged use may result in glaucoma, with damage to 
the optic nerve, defects in visual acuity and fields of vision, and in 
posterior subcapsular cataract formation. Prolonged use may suppress 
the host response and thus increase the hazard of secondary ocular 
infections. In those diseases causing thinning of the cornea or sclera, 
perforations have been known to occur with tne use of topical steroids. 
In acute purulent conditions of the eye, steroids may mask infection 
or enhance existing infection. If these products are used for 10 days 
or longer, intraocular pressure should be routinely monitored even though 
it may be difficult in children and uncooperative patients. Employment 
of a steroid medication in the treatment of patients with a history of 
herpes simplex requires great caution. Pred-G is contraindicated in 
patients with active herpes simplex keratitis. Pred-G Liquifilm sterile 
ophthalmic suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior 
chamber of the eye. PRECAUTIONS: The initial prescription and renewal 
of the medication order beyond 20 milliliters should be made by a physi- 
cian only after examination of the patient wit) the aid of magnification, 
such as slit lamp biomicroscopy and, where appropriate, fluorescein 
Staining. The possibility of fungal infections of the cornea should be 
considered after prolonged steroid dosing. ADVERSE REACTIONS: 
Adverse reactions have occurred with steroid, antinfective combination 
drugs which can be attributed to the steroid camponent, the anti-infective 
component, or the combination. Exact incidemce figures are not available 
since no denominator of treated patients is available. Reactions occur- 
ring most often from the presence of the anti-infective ingredient are 
allergic sensitizations. The reactions due to the steroid component in 
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with possible development of glaucoma, and infrequent optic nerve 
damage; posterior subcapsular cataract formation; and delayed wound 
healing. Burning, stinging and other symptoms of irritation have been 
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occasionally with onset occurring typically after several days of use. 
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curred after use of combinations containing steroids and antimicrobials. 
Fungal infections of the cornea are particularlyprone to develop coin- 
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steroid treatment has been used. Secondary baeterial ocular infection 
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Outcomeology 





w T a preceding editorial,’ that appeared in the Feb- 
ruary 1990 issue of the ARCHIVES, I talked about 

health care costs in general and specifically about 
ophthalmologic costs. That editorial surveyed previ- 

s to control rising health care costs, what 











ous attemp 
was likely te happen in the future, and how we could 
intervene by forming a partnership with the federal 
government and third-party payers to contain oph- 
thalmiz costs with our patients’ best interests in 
mind. A scheme was proposed to organize ophthal- 
mologic care into small local groups to control proce- 
dure abuse and weed out poor-quality clinical care. 
The preceding editorial focused primarily on the me- 
a chanics of forming the partnership and weeding out 
& the procedure abusers. This editorial focuses on 
a -defin ning and establishing high-quality ophthalmic 
-= healthcare through the partnership with third-party 
ee and the federal government. 
Last year, William Roper, MD, then administrator 
of the Health Care Financing Administration, and 
coauthors? issued the call for a new initiative on 
effectiveness in health care. Simply stated, he sug- 
gested that the federal government pay as much at- 
tentior to health care outcomes as to health care 
costs. Future reimbursement policy could be based on 
results: produced in terms of decreased rehospitaliza- 
tion, decreased mortality, and other measures of ef- 
: fectiveness. 
© Having the federal government focus on health 
uteomes as well as health care costs instead of 
jt Ith care costs alone is a very positive step. We 
should join it. After all, we all want quality care at a 
= fair price. A new specialty has sprung up in health 
care, namely medical outcomes management, also 
known as medical outcome studies or monitoring 
medical outeomes. I prefer to call this new specialty 
outcomeology. This specialty arose primarily from 
principles of epidemiology. Outcomeology provides a 
mechaxnism to define high-quality care. Outcomeology 
can decide the appropriateness of medical or surgical 
interventions by assessing (from patient and inter- 
ventior-specific data) whether the clinical status of a 
.« patient is better after, and because of, the interven- 
~= tion. Imaddition to the usual follow-up data, outcome- 
© ology involves patients in deciding what is and is not 
good fer them. 
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Let’s first look at how we currently judge the 
quality of patient care. Some would say that high- 
quality, postoperative care precludes optometric in- 
volvement. Show me the data! Some would say that 
high-quality care keeps the patient’s best interests 
above our own. Don’t we need more data concern- 
ing the patient’s best interests? Moreover, the 
menu of medical interventions changes constantly, 
which is one reason we all have so many journals 
piled up behind our desks. Not only 3s it difficult to 
keep up with these changes, but it is also difficult 





to decide if these changes really are improving the ie 
quality of care. How do we know that well- -> 
established procedures are really high quality? > 


How do we know if and when to intervene diagnos- 
tically, medically, or surgically? There is increasing ` 
evidence throughout all of medicine that even the — 
most knowledgeable practitioners acting with the 
best intentions may unknowingly be practicing sub- 
quality care. We may simply not have enough valid 
data to decide if an intervention is truly in the 
patient’s “best interest.” Many physicians seem- 
ingly base their management decisions on where 
and when they were trained, prior habit, or local 
dictates. 

There is currently no adequate system in our coun- 
try to measure clinical outcome on a large scale. Pi- 
oneers such as Paul Ellwood? in Minneapolis, Minn, 
and John Wennberg of Dartmouth Medical School, 
Hanover, NH, and coauthors‘? emphasize that be- 
cause of lack of outcome data we do not really know 
which clinical interventions are suceessful and to 
what extent. A successful intervention is one that has 
made a patient’s life better. It will have gotten the 
patient back to work or family sooner than another or 
no intervention. Collection of outcome data would tell 
us what does and does not “work” and would promote 
the necessary changes that would make medical and 
surgical interventions more effective. 

Let’s look at some examples of the power of out- 
comeology. Wennberg’s original work is considereda 
model.” With a group comprising a'l urologists in the . 
state of Maine, he studied whether prostatectomies 
improved the quality of life for men with prostatic 
hypertrophy. The study showed that the operation © 


performed on men with mild symptoms did not _ 


improve their life expectancy; in fact, it was lower 

















than in men having mild symptoms who were not op- 
erated on. Furthermore, symptoms were only slightly 
improved when the two groups were compared over 


_ time. The Wennberg group’s study influenced how 
~ urology is practiced in Maine. Another example is 


highlighted by the American College of Cardiology, 
which is now developing indications for coronary by- 
pass surgery. Bypass surgery has recently come under 
surveillance, because outcome studies have suggested 
that approximately 14% to 20% of such operations 
are done without improving the patient’s quality of 
life. Outcomeology also seems to show that a large 
_ amount of what is done medically could be safely 
_ eliminated and, therefore, save money. For example, 
_ the standard full physical examination by internists 

is under scrutiny as are routine admission chest 
~ Yroentgenograms. These are costly and are probably 

not cost-effective. Outcomeology can define what is 
necessary and what is effective. 

Let’s apply outcomeology to ophthalmic practice. 
Even in our best attempts to make optimal clinical 
decisions, we often don’t have enough scientific infor- 
mation. Let’s pose a few questions. Do people over the 
age of 70 years need both cataracts extracted? If the 
first extraction goes well, maybe not. I don’t know the 
answer, and more data are needed. If the chances are 
high that a retinal detachment repair will only give 
anatomic success and very poor vision will persist, 
_ should it be done? Again, more clinical outcome data 


~ are needed. Do we need three peripheral field tests a 


year in a well-managed patient with glaucoma, or 
would it suffice to have a field test every 3 years? 
Should newly diagnosed patients with glaucoma re- 
ceive surgery immediately or undergo our usual 
treatment? Again, we need clinical outcome data. The 
number of such questions is almost limitless. Unfor- 
tunately, no system exists currently that is large 
= enough to answer these types of questions. Outcome- 
ology proposes to pool the data for all patients in 
_ many different practice situations to attempt to an- 
= swer questions like these. (Randomized controlled 
- studies area limited attempt at gathering these data.) 
= Answers to these questions would dramatically 
_ change the way we practice. 

Outcomeology would centralize clinical data, en- 
abling identification of procedures that are and are 
not effective. The analyses would be based on quality- 
of-life assessments and intervention-specific results. 
The quality-of-life data would come from a printed 
form that the patient filled out before and after a 
therapeutic intervention. This form would be mailed 
along with specific ophthalmologic data, such as 
- visual acuity, to a central data pool. Amassing and 
- evaluating a large amount of data could prove or dis- 
- prove the value of a particular intervention. With 
- centralized, standardized data processing, new pro- 

cedures could be introduced and studied in a large 
_ sample of patients before they were prescribed for the 
entire patient population. 

Certainly, there is a growing awareness and inter- 
est in clinical outcome studies. Federal legislation has 
been proposed this year that provides $50 million for 
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outcome research. Dr Roper indicates that this $50 
million investment might bring savings of as muchas 
$10 to $15 billion by the mid-1990s. A paramount is- 
sue is who will control the research. There are many 
groups interested in outcomeology. Numerous com- 
puter-based companies can scan huge amounts of 
data looking for clues to clinical outcome. Currently, 
several insurance companies have patients call for 
advance approval when they are scheduled for any of 
36 of the most used procedures. During the call, a 15- 
minute interview is conducted with procedure-spe- 
cific questions (eg, Has your doctor tried this medicine 
yet? Can you walk more than 2 blocks without chest 
pain?) and quality-of-life questions (eg, Do you live 
alone? Do you do your own shopping?). From the an- 
swers. someone tries to determine if the procedure 
should be approved. Ophthalmologists must be in- 
volvec in the collection of these data, because it can 
affect our patients’ welfare. For instance, one could 
compare cataract surgery in certain age groups vs 
records of death. One conceivable outcome is a high- 
er-than-normal incidence of death in the first year 
after cataract extraction in patients over the age of 70 
years. This type of information could either be used 
by us to determine why (and prevent such deaths), or 
it could be used by others (like the federal government 
or third-party payers) to prohibit cataract surgery 
after age 70 years. A further reason for involvement 
is to prevent the possible abuse of outcome data by 
vested interests, which could result in a marketing 
war (my lemonade is better than your lemonade). 
Seem outlandish? Many of us feel that the first group 
to “the gate” controls the data and can influence and/ 
or dictate access to ophthalmic patients and their 
care. 

We all want these data. Patients, ophthalmologists, 
and the third-party payers need them to identify and 
then achieve the best quality care. Currently, third- 
party payers are buying medical care in the dark. 
They desperately want and are doing everything pos- 
sible to stop this practice. Patients obviously do not 
want an intervention, medical or surgical, if it is not 
going to improve or lengthen their lives. Patients, 
themselves, should help make these decisions. 

Outcomeology should be the foundation of the en- 
tire health care system. The only way to gather all of 
the relevant data and apply them most efficiently is 
for ophthalmologists to form a partnership with the 
federal government and third-party payers. We, the 
ophthalmologists, could then decide what data need to 
be collected and how they should be collected and an- 
alyzed. Analysis of these data should lead to new rec- 
ommendations and changes in the process of health 
care intervention. With a centralized data pool, eval- 
uation of clinical intervention could go on continu- 
ously. The partnership of patients, ophthalmologists, 
the federal government, and other third-party payers 
will be constantly updating, improving, and changing 
health care in the best interest of all. 


THOM J. ZIMMERMAN, MD, PHD 
Louisville, Ky 
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Titamin A Deficiency and Xerophthalmia 


J itamin A deficiency and xerophthalmia are 
widely considered to be problems of developing 





countries. Indeed, more than 60 such countries are 


cognized by the World Health Organization as suf- 
ering irom an aggregate 5 million new cases of 
ysathalmia, one quarter million resulting in 
icness, every year.’ The true number may be twice 
ze: recent data suggest that a significant pro- 
tion of measles-associated blindness, the major 
cause of peciatric blindness in Africa, is secondary to 
acute cecompensation of borderline vitamin A 
status.” The mechanism(s) by which vitamin A defi- 
ciency results in corneal ulceration and necrosis 
remains unzertain, but local sepsis appears to be a 
late anc variable complication.’ 











See also pp 350 and 354. 





. Recent data suggest that vitamin A deficiency also 
-profcumd impact on general morbidity,’ mor- 
> growth," and hematopoiesis.*!° Even subclin- 
wy may have important implications for 
survival." Pilot studies have indicated that vitamin A 
supplementation can reduce overall childhood mor- 
tality by one third or more.’ The US Congress, the 
World Health Organization, and UNICEF have all 
launched ambitious vitamin A intervention programs 
to save children’s sight and lives. 

Develeping countries do not have a monopoly on 
vitamin A deficiency. The condition occurs wherever 
dietary intaxe or intestinal absorption are inadequate 
netebolic demands. Outbreaks of night blindness 
. commen in the Confederate Army of Northern 
qea in Danish orphanages,’ and among Rus- 
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sian peasants, Chinese university students and con- ` 
scripts, and other nutritionally deprived segments of _ 
society during the 19th and early 208 i 
the two articles in this issue of the ARCHIVES make _ 
clear, vitamin A deficiency and xerophthalmia still = 
occur in affluent Western societies. Being uncommon, 
they are frequently overlooked and the diagnosis is 
delayed, sometimes with tragic consequences. 

Most instances of vitamin A deficiency and xe- 
rophthalmia in the United States are zhe result of bi- 
zarre dietary practices," chronic zlcoholism,”* or 
lipid malabsorption (particularly cystic fibrosis).” 
Night blindness and Bitot’s spots are eceasionally the 
presenting manifestation of cystic fibrosis; corneal 
ulceration unresponsive to antimicrooial therapy in ` 
an alcoholic should be considered a zonsequence of | 
vitamin A deficiency until proven otherwise. Indeed, — 
it may be prudent to obtain baseline vitamin A levels 
on all chronic alcoholics with corneal ulcers and to 
initiate vitamin A treatment from thestart. It is safe, 
inexpensive, and if the patient is deficient in vitamin 
A, highly effective. 

Management of xerophthalmia is tne same every- 
where in the world, regardless of the cause; it requires 
immediate restitution of normal vitamin A nutriture. 
Except for rare instances of severe lipid malabsorp- 
tion, oral vitamin A is at least as effective as paren- — 
teral therapy, much less expensive, and safer.* Pa- 
tients should receive 200 000 IU of recinyl palmitate 
on successive days and a third dose, 1 tp 4 weeks later, .. 
to “top up” liver stores. Infants receive half these . 
amounts. Night blindness, xerosis, and corneal ulcer- 
ation will begin to respond within 1 to 3 days (and, are 
usually stable in the interim). Although bacterial in- 
fection does not appear to be significant in initiati 











Mortality and re- ` k 
operation after open and transurethral resectien of the prostate for 


centuries. As 










_ xerophthalmic ulceration, it may be prudent to obtain 
appropriate cultures and provide antibacterial cover- 
age. Topical retinoic acid can speed corneal healing” 
_ but generally does not have a significant impact on the 
-clinical outcome, and it does not replace the need for 
systemic vitamin A, which is vital to other organs. 
< Severe protein-energy malnutrition can interfere 
-= with the storage and mobilization of vitamin A and 
therefore requires equally prompt attention.” Surgi- 
©- calintervention is generally unwarranted. Ulceration 
usually begins in the periphery; perforations tend to 
be plugged by the iris, thereby maintaining the ante- 
© rior chamber and providing a source of vascular 
Invasion and healing. Limbus-to-limbus necrosis 
_ (keratomalacia) is beyond repair. 
Severe malabsorption, as in some cases of cystic fi- 
_ brosis, poses a special challenge. It is probably pru- 
dent to initiate treatment of xerophthalmia with 
parenteral administration of 100000 IU of water- 
miscible retinyl palmitate (50 000 IU for infants) to 
ensure an adequate dose. Subsequent maintenance of 
adequate nutriture can often be achieved by large 
daily oral supplements of 10 000 to 50 000 IU of reti- 
-nyl palmitate, the appropriate dose determined by 
- periodically monitoring serum retinol levels. Values 
within the normal range (40 to 70 ug/dL, 1.4 to 2.5 
pmol/L) ensure the absence of even subclinical defi- 
ciency. In some extreme cases, maintenance of normal 
_ vitamin A nutriture will require periodic parenteral 
_ therapy. 
- Oil-miscible vitamin A should never be adminis- 
> tered parenterally for treatment or maintenance; it is 
released slowly, if at all, from the injection site. 
Vitamin A deficiency is a serious and compelling 
challenge to health authorities in most developing 
countries. For those of us fortunate to practice oph- 
_thalmology in better-nourished societies, the chal- 
_ lenge is in maintaining a high level of suspicion for an 
uncommon, but highly treatable disorder. 
ALFRED SOMMER, MD 
Baltimore, Md 
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Anonymity or Disclosure? 


ge Perryn secret degenerates, even the administration of justice; 


is safe that does not show how it can bear discussion and 







LORD ACTON' 


legal precedent for anonymity of manuscript re- 
à. viewers was set on March 15, 1989, when a fed- 
eral appellate court upheld a lower court decision that 
the American Physical Society, New York, NY, has 
the rizht te preserve the anonymity of reviewers of 
manuscrip*s for its journal.’ In May 1975, W. E. Spear 
and P. G. Le Comber submitted a manuscript to the 
Sceciety’s Physical Review Letters. One of the two re- 
viewers evaluated the manuscript favorably, but the 








A. other advised against publication. The editor rejected 


: | the manuscript, writing the authors on June 12, 1975, 
that “while a report of this work may deserve publi- 





a f : cation it isnot of such novel and stimulating charac- 


ter as to warrant publication as a Letter.” He 
enclosed only the unfavorable review, after having 
deleted evidence of the reviewer’s identity, and he 
recommenced submitting an expanded version to 
Physical Review. 








See aiso the March 9, 1990, issue of JAMA. 


Within 5days of receiving the editor’s letter of re- 
jection, Spear and Le Comber submitted their manu- 


eS A not to Physical Review, but to the editor of 







Solid State Communications, who published it on No- 
-vember 1, 1975, with the notation “Received 19 June 
p 1975 by R. A. Cowley. is 

_ A patent. dispute later arose between Solarex Cor- 
poration, tke licensee of three patents relating to so- 
lar ceils and owned by RCA Corporation, and Arco 
Sclar Inc. On July 28, 1975, Solarex/RCA filed appli- 
cation in the United States Patent and Trademark 
Office for the patent at issue (RCA ’521).? The patent 
examiner directed attention to the Spear and Le 
Comber article but also noted that the RCA applica- 
tion predated the publication of that article; the 
patent was granted on December 20, 1977. In a 





aie. lawsuit, Solarex/RCA charged Arco with willful in- 
_ >` fringement of patents for an invention based on 


informatioa in the manuscript. 
Areo, the defendant, subpoenaed the American 
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Physical Society to identify all referees of the manu- 
script and disclose all documents relating to the sub- 
mission. The Society resisted the subpoena, citing its 
traditional practice of anonymous reviewing. Arco’s 
counsel noted that there had been “allegations... 
within the industry at issue in this litigation that 
publication of the 1975 Spear article was blocked by 
a referee having ties to RCA.” Arco sought to deter- 
mine “whether the anonymous reřeree gave access to 
the manuscript to the inventors of the RCA °521 
patent,” an action that would render the patent un- 
enforceable. The Society maintained that referee 
anonymity is central to the peer review process, 





which, in turn, is crucial for maintenance of the qual- E 
ity of scientific publications. The court ruled that — 


preserving the reviewers anonymity outweighed 
Arco’s need for the information, and the motion to 
compel disclosure was denied.’ 

What is legal, however, is not always what is fair or 
ethical.“ Anonymity in journal reviewing is a long- 
standing convention, but its propriety has been in 


contention for some time, with periodic calls for its . 


abandonment. The issue is complicated and not eas- 
ily resolved, with defensible points to be made on both 
sides. Let us take the arguments jor anonymity first. 


ARGUMENTS FOR ANONYMOLS REVIEWING 
Editorial integrity 


Disclosing the identity of reviewers, some contend, 
may inhibit candor and provoke letters or telephone 
calls from authors protesting the evaluations, Í impor- 
tuning reviewers to reconsider, or spewing rancor and 
hostility. Understandably, reviewers, who generally 
serve without remuneration, dc net relish being 
exposed to acrimonious or supplieatary communica- 
tions from authors of rejected maruscripts.® The final 
decision to approve or disapprove a manuscript lies 
with the editor, of course, not the reviewers, who act 
merely as invited advisers to the editor. Direct com- 
munication between author and reviewer can there- 
fore confuse and disrupt the editorial process. Sup- 
pose, for example, an author of a rejected manuscript 
consults a reviewer, revises the manuscript according 


to that reviewer’s suggestions, anc resubmits it to the n 


editor, stating that all problems have been resolved to- = 
that reviewer’s satisfaction anc that | 
impediments therefore exist to publication. That re- 
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no further- n 

























viewer, however, is usually not the sole critic of the 
manuscript. This intervention, therefore, may com- 
promise the editor’s authority, even though he need 
not accept the revised manuscript. Maintaining the 
line of authority or chain of command is essential to 
the efficiency and integrity of any administration. If, 
however, the policy is published that reviewers may 
not, and will not, respond to direct communications 
from authors and if, in fact, reviewers steadfastly re- 
fer such letters and calls to the editor, authors will 
realize that they must not circumvent him. 


Risk of Retaliation for Negative Reviews 


Advocates of anonymous reviewing contend that if 
reviewer identification were required, a young re- 
viewer, in particular, would be reluctant to criticize 
the manuscript of a mentor or a distinguished physi- 
cian or scientist for fear of retaliation and jeopardy 
to the reviewer’s career. That does not speak highly 
of the character of those so feared. The editor of The 
New England Journal of Medicine, in a reply to 
“Should reviewers of scientific papers sign their 
reviews?” declared that “some reviewers would al- 
most certainly, in some situations, be reluctant to be 
highly critical if they were required to sign their 
reviews.” One wonders if those reviewers would be 
similarly reluctant if the author personally solicited 
their opinions before the manuscripts were submitted 
for publication. 

In our present highly litigious atmosphere, disclo- 
sure may trigger legal suits, and, in fact, several such 
suits have been filed. Those favoring disclosure main- 
tain, however, that litigation is as likely with un- 
signed as with signed reviews. To discourage such 
suits, some have suggested immunity for those acting 
in good faith." 


ARGUMENTS FOR DISCLOSURE 


That authors should not know the identity of their 
judges or critics seems alien, proponents of disclosure 
insist, to our democratic system, with its emphasis on 
open communication, fairness, and opportunity for 
the accused to face their accusers. The single-blind 
arrangement (authors identified, reviewers unidenti- 
fied) has been likened to the anonymous letter or 
telephone call. Concealing the name(s) of an au- 
thor(s), as some have proposed, is impractical because 
experienced reviewers can recognize clues to author- 
ship in the text and in references cited. 


impediment to Intellectual Theft and Bias 


Advocates of disclosure maintain that anonymity 
can conceal bias and partiality and can even lead to 
the reviewer’s “scooping” the author. Wright de- 
plored some reviewers’ preemptive “psycho-political 
manoeuvres,” such as undue delays and demands for 
successive revisions, while they, themselves, rushed 
into print with similar material. The reviewer is ex- 
pected not to use his privileged access to a manuscript 
at the author’s sacrifice and should scrupulously avoid 
denying the author his rightful priority. Once a 
reviewer has certain information, it may be difficult 
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to suppress that knowledge or to forgo ideas for fur- 
ther research triggered by the information in the 
manuscript. The mind has a way of playing tricks on 
us; if we find the idea of another particularly compat- 
ible, it may remain in our subconscious memory 
(eryptomnesia), and we may sincerely come to believe, 
with the passage of time, that it originated with us. 
The reviewer should, however, guard assiduously 
against using privileged information for self-serving 
purposes. 

Editors try to avoid assigning a manuscript to a re- 
viewer with a known prejudice, but in highly special- 
ized fields, a professional rival may be the best qual- 
ified judge. In such cases, the editor must carefully 
evaluate the review, ensuring that negative state- 
ments are substantiated by citation of adequate evi- 
dence and ignoring any rancorous, capricious, or ad 
hominem remarks. Invective is unprofessional, 
evokes anger and suspicion, and is seldom found in 
signed reviews. 

When the critic is unidentified, the rejected author 
may suspect dark motives. Thomas Huxley expressed 
such distrust when he wrote: “... I know that the pa- 
per I have just sent in is very original and of some 
importance, and I am equally sure that if it is referred 
to the judgment of my ‘particular friend’ 
ee that it will not be published. 
He won't be able to say a word against it, but he will 
pooh-pooh it to a dead certainty....So I must ma- 
noeuvre a little to get my poor memoir kept out of his 
hands.”* 

Identification of reviewers, by promoting account- 
ability, may, indeed, inhibit prejudicial comments 
and foster more reliable evaluations. Unsigned re- 
views are often vague and nonspecific. Identification 
of reviewers, on the other hand, may encourage spec- 
ificity rather than curt, casual, or dogmatic phrases. 
If an evaluation is factual, fair, and well-founded; if 
it is presented dispassionately; and if the reviewer 
substantiates the judgments presented, the author 
should recognize the comments as constructive, and 
the reviewer should not have to fear disclosure, even 
if the author is a valued friend, distinguished col- 
league, or leading authority. By rejecting a manu- 
script that is flawed, the reviewer protects the author 
from public criticism and preserves the reputation of 
the journal. The competent reviewer is therefore an 
ally of the author and the journal. A well-reasoned 
evaluation, even though negative, is not likely to raise 
suspicions of ulterior motives if it is signed. When the 
negative reviewer is not identified, however, the 
author may suspect a professional rival who may be 
entirely innocent. 

It is only proper that reviewers be held to the same 
standards of accountability as authors. Scientific 
skepticism, which dates back to Heraclitus and un- 
derlies the peer reviewing system, requires a consid- 
eration of contrary views.® A reviewer may legiti- 
mately point to poorly conceived or designed experi- 
ments, omission of necessary controls, defective 
methods, immature or otherwise faulty data, flawed 
analyses, unsubstantiated conclusions, or poorly or- 
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‘ganized ane developed presentation of the report, but 
shoulc provide concrete evidence for such judgments. 
Totally unacceptable are such sweeping denuncia- 
- tions as “unsuitable for publication,” “poorly con- 
ceived ” “sloppy, unimaginative, or trivial 


work,” 
study,” “inappropriate topic, ” “weak data,” “defec- 
tive method,” o 





“nonsense.” Would reviewers be sat- 
ished with ee peremptory dismissal of their own 
manuscripts? 

If disclosing identity would lead reviewers to mod- 
ify their opinions of a manuscript, they should simply 
decline to review it. They should, in fact, decline if 
there is anv conflict of interest—if they cannot render 

ı impartial opinion because of personal bias, pro- 
fessional rivalry, or other reason. 

B Some journal articles are accompanied by signed 
©- ečitorials er commentaries on the articles, particu- 

; ahi in oes oe is considered to be of some 












g.. Their EE are usually well- reasoned and 
carefully docamented, for they have signed off pub- 
licly on their reviews. Publishing brief statements by 
reviewers et the end of articles, as is sometimes done 
with ciscussants of presentations made at meetings, 
might also-enhance reviewing accountability. In ad- 
dition, it provides reviewers with some public ac- 
knowledgmert of their usually unrecognized and un- 
compensated reviewing efforts. 








Definition of Peer 





“Peer reviewing” has become a stock term, but is 

_ the reviewer of a manuscript (or a grant application) 
| always a peer: a person who has equal standing with 
another, as in rank, class, or age? Is an epidemiologist 
or a statistician the peer of a cardiovascular surgeon? 
me eee of such specialists may be sought if the 








epi i emol tal or statistical data or analyses. Is a 
junior associate to whom a senior faculty member re- 
fers a mamuscript for review a peer of an author who 
is a recogrized authority in his field? 


SPOTLIGHT ON RESEARCH 


Hes 3 have recently been held by three Con- 
gress. sonal subcommittees to address scientific fraud, 
plagiarism, misconduct, and simple carelessness. 
- Heavy press coverage of these hearings has focused 

the spotlight on scientific integrity and, in the pro- 
cess, on journ ‘al manuscript reviewing (The New York 
imes; July 12, 1989:7). One of the fears of some sci- 
at priority for their intellectual property 


















entists is tt 

ill þe apprepriated by journal reviewers, who will 

delay or prevent publication of their manuscripts so 

that the reviewer can seize priority for himself. No- 

bel Laureate William Nunn Lipscomb, Jr, director of 
Harvard University’s Gibbs Chemistry Laboratory, 

l considered the theft of scientific ideas and experi- 
a~ mental data in pursuit of prizes to have become a se- 
-  - riousprobiem. “It’s reached the point,” he said, “that 
__. _Inolonger pat my most original ideas in my research 
- prepesais, which are read by many referees and offi- 
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cials. I hold back anything that another investigator — 
might hop on and carry out.” “Wher I was starting 
out,” Lipscomb continued, “people respected each 
other’s research more than they do today, and there 
was less stealing of ideas” (The New York Times; 
October 17, 1989:17, 20). The situatioa reflects a gen- 
eral laxity in ethical standards anc behavior, evi- 
denced by the plethora of recent news stories of moral 
and ethical scandals and fraud in business, entertain- 
ment, athletics, government, organized religion, and 
the professions. 

A recent case illustrates the issue. In July 1986, 
John Dowling received a manuscript from Robert 
Rando and coworkers for considerat:on for publica- 
tion by the Proceedings of the Netioral Academy of 
Sciences.” Dowling sent the Bernstein, Law, and 
Rando manuscript for review to C. David Bridges, 
who returned it 8 weeks later (September 2, 1986), 
stating that he was engaged in similar work so could 
not review it. He noted that the manuscript was 
“messily written” and “lacked cate.” The Rando 
manuscript was published by the Proceedings of the 
National Academy of Sciences in April 1987." 

In November 1986, Bridges sent nis own manuscript 
to Nature, whose editor rejected it.” On January 27, 
1987, he submitted the revised manuscript to Science, 
where, on April 22, 1987, it was accepted,” after the 
Rando manuscript was published in the Proceedings. 

In March 1987, Rando, after havmg read an ab- 
stract by Bridges for the meeting of the Association 
for Research in Vision and Ophtaalmology, notified 
Dowling about similarities of the abstract to his own 
report and asked Dowling if Bridges kad reviewed the 
Rando manuscript.” Although Dow ing had “some 
misgivings’” about divulging the information, the 
point-blank question prompted his affirmative re- 
sponse. Having learned that Bridges had a manu- 
script in press at Science, Rando recommended to 
Daniel Koshland, the editor, certain changes in the 
Bridges manuscript (then in galley proof), including 
citation of the Rando article.” Rando and Bridges re- 
portedly agreed on certain revisions in the Bridges 
manuscript, including acknowledzment of the prior- 
ity of the Bernstein, Law, and Rando manuscript.” 

The published Bridges report did not apparently 
satisfy Rando, who learned from Richard Alvarez, 
coauthor of the Bridges manuscript, that Bridges had 
not begun his experiments until August 1986, after 
receipt of the Rando manuscript. Rardo notified Bay- 
lor College of Medicine, Housten, Tex, where the 
Bridges-Alvarez research was dene, and an institu- 
tional investigation was begun, which, in turn, trig- 
gered an investigation by the granting agency, the 
National Institutes of Health (NIH). Bethesda, Md.” 
The NIH panel reported that “the Sdence paper was 
seriously flawed, that the research records were not 
substantiating, and that no evolatian of experimen- 
tation existed that would have perm: tted Dr Bridges 
to have conducted the experiments he reported with- 
out the aid of the privileged information” (The New 
York Times, July 12, 1989:7). The N-H investigators 
also a the anonymous Science reviewing pro- 
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cess, stating that the Bridges manuscript was “based 
on the protocols and conclusions of Dr Rando and his 
colleagues” (The New York Times; July 12, 1989:7) and 
contained “internal inconsistencies, incomplete data, 
and misinformation.” The report noted that only fac- 
similes were available for review, but no original 
data.” Dr Bridges, who has denied all charges, de- 
scribed the NIH report as replete with “casual alle- 


‘gations, errors, and misinformation,” and labeled the 


NIH decision as “outrageous.”” The charges are 
grave, and anyone accused of them deserves due pro- 
cess, including available appeals. 

Congressman John Dingell, chairman of the pow- 
erful House subcommittee on oversight and investi- 
gation, in a letter to NIH Director James Wyngaar- 
den about the case, posed the question: if journal 
editors are “one of the bulwarks against scientific 
misconduct,” why did Koshland not investigate 
Bridges after Rando advised him of the problems? 
“It is disturbing to me,” wrote Dingell, “that in this 
instance a distinguished editor of a leading American 
journal was aware of possible scientific misconduct 


‘and not only took no steps to prevent an injustice from 


occurring, but actually allowed publication of the 
stolen material.” Daniel S. Greenberg, editor of Sci- 
ence and Government Report, wrote that “Koshland- 
... performs as a minister of propaganda rather than 
as head of a publication that includes an important 


_ journalistic component.” 


Koshland defended his decision to publish on the 
basis that “the essence of the article is correct—it’s 
just a question of authorship” (The New York Times; 
July 12, 1989:7). He emphasized his “clear responsi- 
bility to preserve confidentiality in the peer-review 
process” and to “protect the privacy of [the review- 
ers’] written and verbal statements.” As a result, “we 
find ourselves in difficult territory when asked to give 
detailed information to our readers, university com- 
mittees, or others who may need the information.’ 
Koshland has insisted that in science “The amount of 
fraud is very small,” noting that there have been only 


10 or 12 prominent fraud cases among 3 million sci- 


entific articles published in the past decade (The New 
York Times; July 12, 1989:7). In 1987, he wrote in an 
editorial that “99.9999 percent of reports are accurate 
and truthful””’—a contention that may be difficult to 
substantiate. 

A “Notification to Readers” in the July 14, 1989, is- 
sue of Science reported the NIH conclusions thus: 
“Based on this analysis of the published articles, the 


_ NIH panel believes that Dr Bridges did plagiarize the 


Bernstein-Law-Rando manuscript: he misused the 
privileged information available to him in formulat- 
ing the experiments he allegedly conducted and he 


failed to acknowledge properly the source of that in- 


formation in his report in Science.’™ In his editorial 
on August 11, 1989, describing “The Process of Pub- 
lication,” Koshland concluded: “Underlying all, we 
continue to believe that the overwhelming majority of 
scientists are honorable men and women, and cer- 
tainly all of them deserve to be considered innocent 
until proven guilty.” The ethical, legal, and journal- 
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istic issues in cases like this are knotty, confounding, 
and distressingly difficult of solution. 


A PLEA FOR RIGOR IN REVIEWING 


To assist editors, reviewers should examine manu- 
scripts conscientiously and should state the rationale, 
and present the evidence, for exceptions taken to the 
manuscript. I would hope that reviewers would vol- 
unteer to lay open claim to the words and opinions in 
their critiques. If reviewers examined crucial refer- 
ences cited, as well as the text of manuscripts, they 
might be more alert to possible plagiarism or fraud, 
and the prevalence of published errors might decline, 
not only in the reference citations but also in misin- 
terpretations or misstatements about the content of 
the publications cited. Once such an error is on record, 
the chance is great for perpetuation by subsequent 
authors who use secondary sources rather than con- 
sulting the primary source.” Some egregious errors 
in citations have occurred, as most scientific scholars 
are aware from their own frustrating experiences 
tracking down statements and statistics cited in pub- 
lished articles. 

The editor, to fulfill the role responsibly as ultimate 
arbiter of the worthiness of a manuscript for publi- 
cation, must read the reviews critically for their ob- 
jectivity, completeness, and fairness, and for the sup- 
porting evidence cited for statements and opinions 
expressed. The editor must also be, or become, aware 
of professional rivalries, conflicts of interest, or hu- 


man frailties of reviewers that may bias theminone - 


direction or another. The editor’s responsibilities are 
onerous, the compensation is scant, and the risk for 
challenge, enmity, or litigation is great. But the power 
of an editor to shape science is immense, and for that 
reason editors should be appointed for their keen in- 
tellect and critical faculties, prudent judgment, un- 
assailable probity, and impeccable integrity. 


THE EDITOR’S PREROGATIVE 


Since reviewers are only advisers and since editors 
are the final arbiters, editors render decisions under 
their own signatures, some protecting the reviewers’ 
identities, and others disclosing them when reviewers 
have no objection. If a review is so vague or so prej- 
udiced as not to be considered in the editor’s decision, 
the editor may decide not to pass it on to the author. 
When a reviewer’s evaluation is favorable, but the 
editor’s decision is to reject the manuscript, the edi- 
tor may similarly decide not to transmit the favorable 
review because his decision was based on another re- 
viewer’s comments or on other considerations. If, 
however, the editor frames letters of rejection care- 
fully, stating the reasons (out-of-scope, lack of space, 
recent coverage of the subject, inadequate overall 
rating), the favorable reviewers’ signed comments 
may still be enclosed, the editor alluding to positive 
aspects of the manuscript noted in the favorable re- 
view, but clearly stating that the author is not invited 
to resubmit the manuscript. Passing on the reviewers’ 
comments will give the author a basis for (1) revising 
the manuscript, (2) refuting unsound criticism, or (3) 
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_ discarding the manuscript. Identification of review- 


ers also allows an author to know who has seen the 
data and conelusions before publication. 

Franz Ingelfinger, as the highly respected editor of 
The New England Journal of Medicine in 1975, called 
on the acacemic biomedical community to “self- 
impose an effective rule—namely, that all reviews and 
comments tc authors be signed.” In 9 years as editor 
of the Journal, he had “never seen an abrasive or in- 





sulting word used by a reviewer who identified 
himself.” The practice of signing book reviews had 





not, in his experience, “dampened the frequency of 
bluntly negative appraisals.” 

Arnold Kelman, a staunch defender of anonymous 
reviewing, was quoted as saying: “Until work has had 
peer review and has been published in full in a 
professional journal, it is half-baked” (Time; March 
3, 1989:74). Such a contention ignores the flaws, 
sometimes serious, that slip through the reviewing 
and editorial sieves: questionable theses; inadequate 
or otherwise faulty methods, data, and analyses; in- 
coherent dev2iopment; illogical arguments, inconsis- 
tencies; preraature or unsubstantiated conclusions; 
and even fraad—to say nothing of incomprehensibil- 
ity, ambiguity, semantic and grammatical impropri- 
eties, end less than exemplary prose.” 

Sir Theodore Fox, former editor of The Lancet, took 
a more jaundiced view of reviewing than Relman. He 
wrote: “Whena I divide the week’s contributions into 
two piles—one that we are going to publish and the 
other that we are going to return—I wonder whether 
it would make any real difference to the journal or its 





readers if I exchanged one pile for the other.” Per- 
haps his tongue was not entirely in cheek. 


=REEDOM OF INFORMATION 


With congressional committees challenging the 
ethics cf sciertific endeavors, the research enterprise, 
journal publishing, and the peer reviewing system 
have been subjected to intense scrutiny. Press cover- 
age has shaken public confidence in the system and 
has eroded its integrity. Any suppression of informa- 
tion, especially when the research is supported by 
public funds, provokes further mistrust and prompts 


“se charges of autocracy. Some of the perception of 


secrecy migh: disappear if journals published their 





guidelines fer editorial policy, indicating who estab- 


lished she guidelines and describing the process a 
manuscript undergoes from the time it is received 
until a decision is rendered, including who selects re- 
viewers, how many are used for each manuscript, 
what criteria are used for selection, and how long the 
processtakes.Qur society prizes the free flow of ideas, 
and the current mania for “freedom of information” 
may mean thet the days of anonymous reviewing are 
numbered. Mere than 10 years ago, the editor of the 
Journai of Aeresol Science, writing about anonymous 
reviewing, declared that “The autnoritarian age is 
over.” The very basis of journal publication is free- 
dom of information. Is that basis subverted by anon- 
ymous reviewing? The question deserves serious re- 
flection by editors, publishers, authors, scientists, and 
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readers of scientific journals. n 
Lors DEBAKEY, PHD 
Houston, Tex 
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Clinical Sciences 


Corneal Perforation 





in Patients With 





Vitamin A Deficiency in the United States 


Eric P. Suan, MD; Edward H. Bedrossian, Jr, MD; 


Ralph C. Eagle, Jr, MD; Peter R. Laibson, MD 


® An emaciated alcoholic 52-year-old 
. white woman presented with an old left 
corneal perforation and bilateral conjunc- 


-tival and corneal xerosis. The serum vita- 


min A level was O umol/L. Laboratory and 
radiologic findings were consistent with 
the diagnosis of a fat malabsorptive syn- 
drome secondary to chronic alcoholic pan- 
creatitis. Histopathologic evaluation of her 
enucleated globe revealed conjunctival 
epidermidalization, corneal perforation 
with prolapse and foss of intraocular con- 
` tents, retinal detachment, and massive 
_ choroidal hemorrhage. A second patient 
_ presented with bilateral conjunctival xero- 
sis, corneal ulcers, and a low serum vita- 
min A level. Corneal perforation of one ul- 
cer ensued during her hospitalization. 
Medical investigation revealed hepatic 
metastases of an unknown primary 
source. Causes of vitamin A deficiency 
and its ocular complications as well as 
medical and surgical management options 
are discussed. 
(Arch Ophthalmol. 1990; 108:350-353) 


Aje report two cases of corneal per- 
foration in patients with vitamin 

A deficiency. Vitamin A deficiency is a 
common cause of ocular morbidity in 
underdeveloped countries. Inadequate 
intake of vitamin A, often in associa- 
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tion with hypoproteinemia, accounts 
for the deficiency in a majority of pa- 
tients. Reports of ocular complications 
secondary to vitamin A deficiency are 
rare in the United States and other 
developed countries. Although dietary 
deficiency of this vitamin is rare, pa- 
tients with faulty absorption or utili- 
zation of vitamin A can manifest signs 
and symptoms identical to those found 
in patients with dietary deficiency. 

a ENA A E SE a 

For editorial comment see p 343. 
See also p 354. 
PEA E EL R EO 
REPORT OF CASES 


Cask 1.—A 52-year-old white woman 
presented to the Wills Eye Hospital (Phil- 
adelphia, Pa) General Ophthalmology Ser- 
vice complaining of ocular burning associ- 
ated with progressive visual loss in the left 
eye. She denied recent or past trauma, ocu- 
lar surgery, or marked pain. She stated that 
her vision in that eye initially had de- 
creased slowly, but it had deteriorated 
markedly over the past month. Vision in the 
right eye was reported to be worsening as 
well. In addition to flank tenderness she 
complained of diarrhea, loss of appetite, 
and a 10-kg weight loss during an 8-month 
period. A history of long-standing alcohol 
abuse was obtained. 

On ocular examination the best corrected 
visual acuity was finger counting at 2m OD 
and bare light perception OS. Marked dry- 
ing and hyperemia of the right bulbar and 
palpebral conjunctiva (Fig 1) and entropion 
of the right lower eyelid were noted. Slit- 
lamp biomicroscopy of the right eye dem- 
onstrated no detectable tear film. The cor- 
neal light reflex was irregular and fluores- 
cein instillation disclosed extensive 
superficial punctate staining. The corneal 
stroma was mildly edematous. The anterior 


chamber was deep and quiet. There was 
moderate nuclear sclerosis. The corneal 
changes precluded ophthalmoscopy. 

External examination of the left eye re- 
vealed a protruding irregular corneal sur- 
face that could not be fully covered by lid 
closure (Fig 2). Slit-lamp biomicroscopy re- 
vealed marked conjunctival xerosis and hy- 
peremia. Perilimbal aceumulation of a 
white granular material consistent with 
Bitot’s spots was observed. The peripheral 
cornea showed deep and superficial vaseu- 
larization. Centrally there appeared to be a 
hemorrhagic plug of fibrovascular tissue. 
The anterior chamber could not be visual- 
ized and darkly pigmented material ad- 
hered to the posterior aspect of the remain- 
ing cornea. Applanation pressure in the 
right eye was 17 mm Hg and it was 0 mm Hg 
in the left eye. 

These findings suggested prior perfora- 
tion of the left cornea. Corneal and eon- 
junctival drying and epidermidalization led 
to the diagnosis of keratoconjunctivitis sic- 
ca. Given the clinical findings of bilateral 
dry eyes and entropion, the possibility of 
ocular cicatricial pemphigoid was raised. 
Because the prognosis for regaining useful 
vision was minimal and the eye was at risk 
for subsequent infection, the left eye was 
enucleated without complication. Given her 
frail, malnourished appearance, a complete 
medical examination was performed to rule 
out a possible underlying malignant neo- 
plasm. The fellow eye was treated with ar- 
tificial tears instilled hourly and erythro- 
mycin base ointment. 

Physical examination revealed an un- 
kempt emaciated white woman weighing 
37.5 kg and standing 165 cm. Apart from 
marked wasting of muscle mass, poor skin 
turgor, and poor dentition, findings from 
her physical examination were benign. Pre- 
treatment blood testing included a serum 
vitamin A level that was reported as 0 
umol/L (normal, 0.7 te 2.8 umol/L). Serum 
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Fig 1.—Case 1. Marked drying and hyperemia of palpebral and bulbar 
conjunctiva are noted in the right eye. The irregular corneal light reflex 
indicates severe corneal xerosis (X8). 





Fig 3.—Case 1. Marked resolution of xerosis with return of regular cor- 
neal light reflex occurred after 2 weeks of hourly application of artificial 
tears and lubsicating ointment to the right eye. Note subepithelial hem- 





Fig 2.—Case 1. Conjunctival xerosis, a protruding and vascularized 
corneal surface, and perilimbal accumulation of white granular material 
consistent with Bitot’s spots are seen in the eft eye. Corneal changes 
preclude description of anterior chamber or fundus (X8). 
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Fig 4.—Case 2. A diffuse, plaquelike conjunctival accumulation of white 
granular material is located medial to a central 7-mm-corneal ulcer of the 
right eye. The center of this defect is approximately 95% thinned (X8). 


orrhage at 2-o’clock position (X 12). 


protein and albumin levels were consistent 
with severe malnutrition. Hemoglobin, 
iron, and iron-binding studies suggested an 
anemia of chronic disease. An abdominal 
flat plate roentgenogram revealed multiple 
calcifieations of the pancreas. Computed 
tomography confirmed calcifications of the 
body and tail of the pancreas and showed a 
pseudecyst of the body of the pancreas. 
These findings were highly suggestive of 
chronic pancreatitis. Further laboratory 
investigations (24-hour stool for fecal fat 
collection while receiving a 100-g fat diet, 47 
mmol/d [noarmal, < 25 mmol/d}]; bentiro- 
mide test, 7% [normal, > 50% ); and normal 
results of D-xylose test) confirmed the pres- 
ence of a fat malabsorptive syndrome sec- 
ondary to exocrine pancreatic insufficiency. 
Following intensive nutritional supplemen- 
tation, the patient was discharged from the 
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hospital on the ninth hospital day after a 
7-kg weight gain. She was advised to curtail 
her alcohol consumption and to take pan- 
creatic enzyme supplements. 

At the time of hospital discharge the 
regimen of artificial tears and lubricating 
ointment and the improvement in nutri- 
tional status had produced a remarkable 
resolution of conjunctival and corneal xe- 
rosis of the right eye (Fig 3). A small 
subepithelial hemorrhage was noted adja- 
cent to the limbus at the 2-o’clock position. 
After the first postoperative visit she was 
unavailable for medical follow-up. 

Histopathologic examination of the enu- 
cleated globe disclosed a sharp-margined, 
central corneal perforation that was 
plugged by chronically inflamed iris stroma 
and bridged by an intact layer of corneal 
epithelium. The corneal stroma bordering 


the bland perforation exhibited increased 
fibroblastic activity but not inflammation 
or necrosis. Peripheral to the perforation 
the corneal epithelium was thickened and 
its desquamating surface layer of cells ap- 
peared keratinized. Bowman’s layer was 
replaced by a chronically inflamed in- 
growth of fibrovascular tissue. The anterior 
chamber was obliterated by anterior sy- 
nechiae. The ciliary bedy and choroid were 
massively detached by blood. The retina 
was totally detached. 

Case 2.—A 44-year-old cachectic black 
woman presented to the Wills Eye Hospital 
Emergency Department with a 3-week his- 
tory of gradual visual loss in the right eye 
and a 1-week histary of visual loss in the left 
eye associated with mild ocular pain and 
photophobia. The patient reported a 15-kg 
weight loss because her failing vision pre- 
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Fig 5.—Case 2. A paracentral 3.5-mm corneal epithelial defect with stromal infiltration and a 1- 
mm hypopyon are seen in the left eye. Conjunctival hyperemia and scattered foci of white granular 


accumulations are present (X8). 


vented her from cooking. A history of alco- 
hol abuse was obtained. 

On ocular examination the best corrected 
visual acuity was light perception OD and 
hand motions OS. Slit-lamp biomicroscopy 
of the right eye revealed marked drying of 
the conjunctiva with multiple accumula- 
tions of a white granular material consis- 
tent with Bitot’s spots (Fig 4). A 7-mm cen- 
tral corneal epithelial defect with 95% 
thinning and a paracentral 3.5-mm focus of 
stromal infiltration were observed. Ante- 
rior chamber, iris, and posterior pole visu- 
alization was limited by corneal changes. 

Slit-lamp biomicroscopy of the left eye 
revealed marked drying and hyperemia of 
the conjunctiva with multiple accumula- 
tions of a white granular material consis- 
tent with Bitot’s spots. A 3.5-mm corneal 
epithelial defect with stromal infiltration, 
anterior chamber reaction of 3+, and a 
l-mm hypopyon were observed (Fig 5). 
These anterior segment changes precluded 
ophthalmoscopy. Finger tensions of both 
globes were estimated at 20 mm Hg. 

These findings suggested bilateral cor- 
neal ulcers in a patient with possible vita- 
min A deficiency. After appropriate corneal 
cultures were obtained, she was admitted to 
the hospital and treated with tobramycin 
sulfate (15 mg/mL) and cefazolin sodium 
(50 mg/mL) alternating every hour. The 
patient’s serum vitamin A level was re- 
ported as 0.73 uwmol/L (normal, 1.04 to 3.31 
umol/L). The patient was given an intra- 
muscular injection of 200000 IU of water- 
dispersible vitamin A in palmitate daily for 
two doses. 

On the first hospital day, flattening of the 
right anterior chamber and a central cor- 
neal perforation were noted. A collagen 
shield was applied. By the third hospital 
day the right corneal ulcer measured 5 mm 
and the left corneal ulcer measured 2 mm. 
An anterior chamber reaction of 2+ with 
minimal hypopyon was visible in the left 
eye. By the fourth hospital day the Bitot’s 
spots had almost completely resolved bilat- 
erally. Bilateral corneal cultures were pos- 
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itive for Corynebacterium diphtheriae. The 
organism was sensitive to both antibiotics. 
An attempt was made to glue the corneal 
perforation in the right eye with cyanoacry- 
late, but the patient was unable to cooper- 
ate for this precedure. By the eighth hospi- 
tal day, the left corneal epithelial defect 
had healed, but the right anterior chamber 
remained shallow with a 3-mm corneal ep- 
ithelial defect. 

Although this patient denied medical ill- 
nesses, her internist confirmed that she had 
lost 25 kg during a period of 8 years and that 
she had chronic anemia for which she had 
refused workup. Physical examination re- 
vealed a cachectic black woman weighing 40 
kg and standing 155 cm. As with the first 
patient, marked muscle wasting and poor 
skin turgor were the predominant findings 
on physical examination. Serum protein 
and albumin levels were normal. Admission 
hemoglobin level was found to be 46 g/L and 
subsequent iron, iron binding, and percent 
saturation studies suggested a severe iron 
deficiency anemia. She received 2 U of 
packed red blood cells during her hospital- 
ization. After her ocular condition had sta- 
bilized, she was transferred to Thomas Jef- 
ferson University Hospital, Philadelphia, 
Pa, for further evaluation of severe weight 
loss and profound anemia. A gastrointesti- 
nal source of blood loss could not be identi- 
fied. Computed tomographic and ultrasono- 
graphic studies disclosed probable multiple 
hepatic metastases from an unknown pri- 
mary source. The patient has refused all 
further invasive testing. 

Follow-up ocular examination revealed a 
visual acuity of light perception OD and 
20/30 OS. The right corneal surface was 
found to be ectatic without surface irregu- 
larity and a stromal opacity of the left cor- 
nea persists. 


COMMENT 
Xerophthalmia is the term accepted 
by the World Health Organization 
(WHO) that encompasses all ocular 
manifestations of vitamin A defi- 






World Health Organization 
Xerophthalmia Classification * 











Conjunctival xerosis 






X1B X1A with Bitot’s spot 
X2 Corneal xerosis 
X3A Corneal ulceration or 







necrosis up to one- 
third corneal thickness 
X3B Corneal ulceration or 
necrosis one-third to 
full thickness 
(Keratomalacia) 
XN Nyctalopia 
Corneal scars 
Xerophthalmia fundus 














* According to World Health Organization.” 


ciency. Estimates suggest that xe- 
rophthalmia affects more than 5 mil- 
lion children each year in parts of Asia, 
West Africa, South America, and the 
Middle East, and that 10% have cor- 
neal involvement and 5% become 
blind.! Given the magnitude of this 
global public health problem, the 
WHO met in 1976 to reach a consensus 
on the reporting of ocular lesions and 
to establish criteria for community 
diagnosis. The WHO Xerophthalmia 
Classification is based on the severity 
of ocular disease (Table). 

How vitamin A deficiency causes xe- 
rophthalmia is a matter of consider- 
able speculation.’ Vitamin A is neces- 
sary for the normal production of mu- 
cin by conjunctival goblet cells. 
Without mucin to coat the hydropho- 
bic surface of the epithelium, surface 
tension remains high, leading to a 
markedly reduced preocular tear film 
break-up time. The formation of kera- 
tinized plaques can further disturb the 
tear film and predispose to corneal ep- 
ithelial loss when they are sloughed.! 
Severe keratoconjunctivitis sicca with 
epithelial loss, stromal melting, and 
ultimately corneal perforation may re- 
sult. Vitamin A deficiency also is 
thought to induce alterations in cor- 
neal metabolism; this could render the 
cornea more susceptible to stromal 
necrosis even in the absence of an ep- 
ithelial defect.‘ Individuals deficient in 
vitamin A are commonly protein defi- 
cient and it is believed that transport 
of vitamin A into cells is dependent on 
adequate protein intake.‘ Vitamin A is 
also essential in photoreceptor physi- 
ology, serving as the photosensitivity 
moiety of rod and cone photopigment. 

Primary vitamin A deficiency is rare 
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in the United States and other devel- 

oped countries, limited almost entirely 
to instances of dietary avoidance or 
deficiency. Sal Secondary vitamin A de- 
ficiency arises ir the presence of ade- 
quate dietary content. Abnormalities 
in digestion, absorption, transport, 
storage, or cellular metabolism can 
lead to states indistinguishable from 
primary deficiency.’ A report of non- 
responsive ccrneal ulcers in cachectic, 
hospitalized patients emphasizes the 
importance cf recognizing a vitamin 
A-protein-deficient state." In such 
cases, promp* institution of parenteral 
vitamin A replacement, intensive nu- 
tritional support, and measures to pro- 
tect the cormeal surface proved effec- 
tive in salvaging an eye. The absorp- 
tion of vitamin A, a fat-soluble alcohol, 
is dependent on gastrointestinal func- 
tion, ineludirg an adequate absorptive 
surface area and the pancreatic en- 
zyme lipase. Five patients who had 
undergene gastrectomy were found to 
havevitamin A levels between 0.14 and 
0.35 zmol/L (normal, 0.7 to 1.7 umol/L) 
and defective vitamin A absorption.” 
Four patients experienced nyctalopia 
that was reversible in three patients 
with vitamin A replacement therapy. 
Vitamin A deficiency has been seen in 
Crehn’s disease’? and in patients fol- 


+ lowing intestinal bypass surgery for 


obesity.’"* Similarly, vitamin A defi- 
` ciency secondary to impairment of 
| exocrine pancreatic function" arises in 
patients with cystic fibrosis. 

Defects in the transport of vitamin 
A and ether lipids are found in abeta- 
lipoproteinemia or the Bassen-Korn- 
zweig syndreme. The major ocular ab- 
normality in this cause of vitamin A 
deficiency is retinal pigmentary degen- 
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eration that has been documented to 
improve with parenteral vitamin A 
therapy.'*”” 

Vitamin A is stored in the liver. The 
liver also synthesizes retinol-binding 
protein that transports vitamin A to 
the tissues. Therefore, it is not surpris- 
ing that chronic liver disease can also 
lead to vitamin A deficiency.” 

Treatment of vitamin A deficiency 
calls for replacement in the form of a 
capsule of vitamin A palmitate i in oil 
(200 000 IU) daily for two days.’ If the 
gastrointestinal tract is not function- 
ing, intramuscular injections of water- 
dispersible vitamin A should be given 
in the same dosage. Experimental ev- 
idence suggests that topical retinoids 
may promote faster healing of corneal 
ulcers, although no significant im- 
provement in final recovery was 
noted. Surgery may be necessary for 
corneal perforations. Options include 
tissue adhesive for small perforations, 
patch grafts for medium-sized defects, 
and penetrating keratoplasty for large 
defects.’ 

This series of two patients serves as 
a reminder of observations noted in 
Boston, Mass." The first patient whose 
case is reported herein presented with 
an old sterile corneal perforation of 
the left eye and marked conjunctival 
and corneal xerosis of the right eye 
with Bitot’s spots (class XS and class 
X2 disease). Physical examination sug- 
gested a dietary or malabsorptive dis- 
order. Pancreatic exocrine insufficien- 
cy secondary to chronic alcoholism was 
diagnosed on the basis of radiologic 
(pancreatic calcifications on computed 
tomographic scans and abdominal 
roentgenograms) and laboratory in- 
vestigations (elevated fecal fat level, 
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_Xerophthalmia and Cystic Fibrosis 


H. Logan Brooks, Jr, MD; William T. Driebe, Jr, MD; Gary G. Schemmer, MD 


è We treated two infants with failure to 
thrive who presented with clinical evi- 
dence of conjunctival and corneal xerosis. 
One patient was referred with possible in- 
fectious corneal ulcer thought to exist be- 
cause there were deep peripheral ulcer- 
ations of the cornea and associated hy- 
popyon. The other patient was initially 


thought to have a nasolacrimal duct ob- 


_ Struction because of excessive tearing. 
Xerophthalmia secondary to vitamin A de- 
ficiency was suspected and led to the di- 
agnosis and treatment of cystic fibrosis 
in each case. Therapy with vitamin A 
promptly resolved the xerosis, but it also 
caused a transient rise in intracerebral 
pressure. Xerophthalmia can still be a 


_ _ Problem in developed countries when un- 
_» derlying disorders, such as cystic fibrosis, 


lead to vitamin A malabsorption. 
(Arch Ophthalmol. 1990; 108:354-357) 


X erophthalmia secondary to vitamin 

A deficiency remains a major cause 
of blindness in developing countries. 
Each year approximately 10 million 
children exhibit signs and symptoms 
of the disease, while another 250000 
are blinded.’ Vitamin A deficiency in 
the United States is rare, and it usually 
suggests decreased intake secondary 
to bizarre dietary habits’ or malab- 
sorption of available dietary vitamin A 
due to medical problems, such as 
chronic liver disease,** intestinal by- 
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pass surgery,'° regional enteritis, > 
chronic alcoholic pancreatitis," or eys- 
tie fibrosis.'** 

Cystic fibrosis is an autosomal re- 
cessive disorder found in all ethnic and 
racial groups. The disease occurs most 
frequently in whites, with a population 
incidence of 1 in 2000, making it the 
most common genetic disease affect- 
ing whites. The fundamental defect is 
unknown, but the pathophysiology is 
one of a generalized exocrinopathy in 
SER Ea Fa a NN Ge DR aR 
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ca a is ot So 
which most of the clinical manifesta- 
tions appear to result from obstruction 
or abnormal secretions in ducts or or- 
gan passages in the respiratory tract, 
salivary glands, digestive and biliary 
tracts, pancreas, and genitourinary 
tract. Involvement of the pancreas oc- 
curs in 85% to 95% of patients and 
leads to malabsorption of liposoluble 
vitamins, fat, vitamin B, and nitro- 
gen.” Diagnostic elevation of sweat 
sodium chloride is secondary to a 
unique abnormality in the eccrine 
glands.” 

We present herein two eases of xe- 
rophthalmia found in patients with 
cystic fibrosis diagnosed during a 9- 
month period. In both cases, the rec- 
ognition of xerophthalmia was instru- 
mental in the diagnosis and treatment 
of cystic fibrosis with secondary mal- 
absorption of vitamin A. 


REPORT OF CASES 

Case 1.—A 9-month-old white girl was 
referred to the University of Florida Eye 
Center, Gainesville, for evaluation of a cor- 
neal ulcer in the right eye. Two months 
prior to admission, the patient’s mother 
had noted redness and a watery discharge 
from both eyes. Treatment with various 


antibiotic drops was not effective and the 
condition steadily worsened. 

The patient’s medica! history was signif- 
icant for long-standing failure to thrive and 
chronic diarrhea. We later learned from a 
physician who previously treated the pa- 
tient that the child had suffered from a 
bowel obstruction at birth that required an 
extensive small-bowel resection. Postoper- 
atively, the infant developed cholestatic 
jaundice, and 2 months later an explorative 


laparotomy and a liver biopsy were per- ~ 


formed. Two sweat chloride test results 
were greater than 90 mmol/L, and the liver 
biopsy results were consistent with the di- 
agnosis of cystic fibrosis. Pancreatic re- 
placement enzyme therapy was begun and 
the patient was gaining weight when dis- 
charged. The family then moved to Florida 
and ceased the pancreatic replacement 
therapy because they believed she was 
“cured.” The child began to lose weight and 
suffer from recurrent bronchopneumonia. 
When the patient presented, the family did 
not say that a diagnosis of cystic fibrosis 
had ever been made. 

The examination on admission revealed a 
thin, pale, extremely undernourished in- 


fant in moderate respiratory distress. Her p 


weight was 3.8 kg and her head circumfer- 
ence was 39 cm with a soft anterior fon- 
tanelle. The ocular examination revealed 
that the child could not fixate ona light with 
either eye. The pupil examination revealed 
only trace light reaction in each eye. The 
conjunctiva of both eyes were hyperemie 
and clinically appeared xerotic. The cornea 
of the right eye had two deep clear periph- 
eral concentric ulcers spanning 60° superi- 
orally (Fig 1). The remainder of the right 
cornea appeared keratinized and slightly 
thickened. The anterior chamber was deep, 
with a fibrin reaction and 20% hypopyon. A 
good red reflex was noted, but the retina 
was poorly visualized. Examination of the 
left eye revealed similar xerotic changes of 
the conjunctiva and cornea, but there were 
no peripheral ulcers. The retina was well 
visualized and looked normal, except for 
optic nerve pallor, especially in the macu- 
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Fig 1.—Clinically xerotic conjunctiva and associated peripheral corneal 


ulcers in patient 1. 


Fig 3.—Patient 2 two weeks after receivinc systemic vitamin A treat- 


ment. The ulcers have filled in leaving faint scars, and the conjunctival 


luster has returned. 
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Fig 2.—Conjunctival biopsy specimen from patient 1 shows keratinized 
surface and a lack of goblet cells (periodic acid-Schiff, original magni- 


fication X 100). 


lepapillary bundle. A visual-evoked re- 
sponse was unrecordable in both eyes. Elec- 
troretinography was not performed be- 
cause of the infant’s respiratory distress. 
Bilateral bulbar conjunctival biopsies were 
also performed, and they demonstrated 
keratmization of the conjunctiva and ab- 
sent goblet eells (Fig 2). 

A diagnosis of cystic fibrosis with sec- 
ondary vitamin A deficiency was suspected, 
based on the clinical appearance of xe- 
rophthalmia in an infant with malabsorp- 
tion (chronic diarrhea) and failure to 
thrive. A sweat.chloride test was performed 
and the level was elevated at 125 mmol/L. 
Serum vitamin levels were both markedly 
reduced, with vitamin A at 40 IU/L (a nor- 
mal level is 650 to 2650 IU/L) and vitamin 
E at 20 IU/L f normal level is 40 to 200 
IU/L). Vitamin B,, and folate levels were 
normal. Liver function test results were all 
normal except for an elevated alkaline 
phosphatase level of 460 U/L (a normal 
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level is 70 to 250 U/L). A chest roentgeno- 
gram showed a left upper lobe infiltrate 
consistent with pneumonia. The child was 
given 100000 U of vitamin A (retinol palm- 
itate) intramuscularly for 2 days. Twelve 
hours after the second injection, the infant 
was noted to have a tense and bulging an- 
terior fontanelle. A computed tomographic 
scan of the head showed mild ventriculom- 
egaly attributed to either cortical atrophy 
or communicating hydrocephalus. Because 
of the sudden onset of the hydrocephalus, a 
ventriculostomy was performed, which, 1 
week later, was removed after a repeated 
computed tomographic scan of the head 
showed no difference in ventricular size, 
and the increased intracranial pressure had 
subsided. 

The normal corneal and conjunctival lus- 
ter returned within 1 week of receiving vi- 
tamin A therapy. The peripheral furrows of 
the right eye filled in, leaving faint scars 
(Fig 3). Three weeks later, pendular nystag- 





Fig 4.—Repeated conjunctival biopsy specimen from patient 2 three 
weeks after treatment shows a normal conjunctival surface and the re- 
turn of goblet cells (periodic acid-Schiff, or ginal magnification X 100). 


mus was noted ir beth eyes, with clearly 
amaurotic pupils. A repeated visual-evoked 
response was agan unrecordable. The fun- 
dus examination revealed bilateral optic 
nerve pallor. Elecroretinography revealed 
a 50% decrease ia both photopic and sco- 
topic responses ir both eyes. 

A repeated con unctival biopsy was per- 
formed 1 month later, and the results were 
normal (Fig 4). The child was discharged 
after 60 days, showing weight gain and im- 
proved health after resumption of cystic fi- 
brosis therapy. 

CASE 2.—A 9-month-old white boy was 
admitted to Shan Js Hospital in Gainesville 
for failure to thr-ve and photophobia. One 
month prior to admission, the patient’s 
parents noted that the infant had excessive 
tearing and light sensitivity. Treatment 
with antibiotic drops was unsuccessful, and 
the parents were told that the child might 
have a “partial” blockage of the nasolacri- 
mal ducts. 
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The examination revealed a weight of 6.0 
kg and head circumference of 40 em. Gen- 
eral physical examination results were oth- 
erwise normal, except for a mildly promi- 
nent anterior fontanelle. The ocular exam- 
ination demonstrated central and steady 
fixation with each eye. However, the con- 
junctiva of both eyes appeared xerotic. The 
corneas also displayed early xerosis, char- 
acterized by a diffuse superficial punctate 
keratitis. The anterior chamber of each eye 
was normal, and the retinal examination 
results were grossly unremarkable. 

On the basis of the eye findings consistent 
with xerophthalmia in a child with failure 
to thrive, malabsorption of vitamin A was 
suspected. Sweat chloride levels were all 
greater than 80 mmol/L, confirming the di- 
agnosis of cystic fibrosis. The pretreatment 
serum vitamin A level was 60 IU/L (a nor- 
mal level is 650 to 2650 IU/L). Liver func- 
tion test results were normal. Conjunctival 
biopsy results also revealed keratinization 
in both eyes, with absent goblet cells. The 
infant received 25000 IU of intramuscular 
vitamin A (retinol palmitate). Twenty-four 
hours later, increased bulging of the ante- 
rior fontanelle was noted. A computed to- 
mographic sean of the head was normal, 
and during the next 48 hours the fontanelle 
softened. The conjunctival and corneal xe- 
rosis both resolved within 3 to 4 days of 
treatment. Electrophysiology performed 
before treatment and 4 months later re- 
vealed a consistent decrease of 30% to 50% 
in both the scotopic and photopic elec- 
troretinography of both eyes. 


COMMENT 


Xerophthalmia, which literally 
means “dry eye,” denotes the entire 
clinical spectrum of abnormalities 
arising from vitamin A deficiency. 
These include night blindness, retin- 
opathy, conjunctival and corneal xero- 
sis, and corneal ulceration or kera- 
tomalacia. Xerophthalmia occurs most 
frequently in developing countries, 
such as those that make up Africa and 
Asia. However, patients in the United 
States with underlying causes for mal- 
absorption of vitamin A, such as cystic 
fibrosis, may present with xerophthal- 
mia. 

Early descriptions of cystic fibrosis 
found a high incidence of xeroph- 
thalmia and corneal ulceration.'*?° The 
absence of pancreatic lipase and de- 
pressed levels of zinc and retinol- 
binding protein (which is made by the 
liver) all lead to a vitamin A-deficient 
state.” In addition, concurrent vita- 
min E deficiency appears to further 
compromise the absorption of vitamin 
A and greatly increases the utilization 
of remaining vitamin A.” Today, with 
supplemental oral vitamin A and pan- 
creatic extract therapy, the signs and 
symptoms of xerophthalmia have al- 
most been eliminated. 

Two groups of patients with cystic 
fibrosis can still present with xe- 


rophthalmia in the 1980s. In one group, 
the diagnos:s has been made but there 
is noncompdance with the pancreatic 
extract therapy and/or the use of sup- 
plemental v-tamins (case 1). The other 
group consi:ts of infants with undiag- 
nosed cystic fibrosis who present with 
failure to tarive and vitamin A defi- 
ciency (case2). Ophthalmologists need 
to be familiar with the eye findings of 
xerophthalraia to make this rare diag- 
nosis. 

The earliest clinical manifestation 
of xerophthzlmia is impaired dark ad- 
aptation ane night blindness. Electro- 
physiology was performed in both of 
these infants and demonstrated a 30% 
to 35% reduction in scotopic and pho- 
topic electreretinograms, which did 
not change after the administration of 
vitamin A. Although the exact reason 
for this is urknown, it may be related 
to photorecestor degeneration similar 
to that seen in monkeys receiving vi- 
tamin A- or vitamin E-deficient 
diets.” The ~isual-evoked response in 
case 1, which was nonrecordable on 
admission, was also remarkable in 
that it did rot improve after the ad- 
ministration of vitamin A. The cause 
of that infaat’s optic atrophy is un- 
clear, but it may represent a toxic or 
nutritional irsult to the optic nerves at 
an early phase of development. 

The earliest change in the cornea is 
a fine superficial punctate keratopathy 
that starts imthe inferonasal quadrant 
and eventually spreads to involve the 
entire cornea if the deficiency is severe 
enough. Interestingly, early punctate 
staining is present in 60% of individu- 
als with nigh: blindness before clinical 
conjunctival disease is apparent.” 

If vitamin A deficiency remains un- 
treated, the corneal surface can 
progress to trank keratinization and 
the development of peripheral xe- 
rophthalmic ulcers, with or without 
hypopyon. The final stage is kerato- 
malacia, or full-thickness corneal 
necrosis.” 

Children at greatest risk fer corneal 
ulceration haze a sudden deterioration 
in vitamin A status secondary to sys- 
temic illnesses, such as measles or 
gastroenterit:s. In case 1 (Fig 1) typi- 
cal xerophthalmia corneal ulcerations 
are demonstrated at the time of sys- 
temic illness (in this case, bacterial 
pneumonia). The sharply circum- 
scribed ulcers may result from the 
traumatic reraoval of cornified epithe- 
lium or represent decompensated del- 
lens adjacent to xerotic plaques.” In- 





mary role because in a controlled trial 
cultures from the corneal surface of 
eyes of children with xerophthalmic 





ulcers were equivalent vs eyes with 
only keratinization.” Furthermore, in 
a controlled trial in which all children 
received systemic vitamin A but half 
of those children with corneal ulcers 
also received systemic and frequent 
topical antibiotic treatment, the cor- 
neal ulcers healed at an equivalent 
rate.” 

In terms of treatment, the mainstay 
of therapy in xerophthalmia involves 
correcting the underlying vitamin A 
deficiency. Large oral doses of supple- 
mental vitamin A in patients without 
cystic fibrosis have been shown to be as 
effective as intramuscular administra- 
tion for the treatment of xeroph- 
thalmia.* Current recommendations 
include 200 000 IU of vitamin A taken 
orally each day for two days followed 
by one additional dose of 200000 IU 2 
to 4 weeks later.’ If the child is younger 
than 1 year the dose should be reduced 
by one half! Intramuscular injec- 
tions of 100000 IU (for children older 
than 1 year) or 50000 IU (for children 
younger than 1 year) are substituted 
for the first oral dose for children 
unable to swallow or with severe 
diarrhea.’ 

In our first case, the fontanelle was 
soft on admission, but it became firm 
after two intramuscular injections of 
100000 IU of vitamin A. Vitamin A 
toxicity and secondary increased in- 
tracranial pressure prompted ventric- 
ulostomy placement for 1 week, until 
the intracranial pressure normalized. 
While liver stores of vitamin A were 
depleted, the high spike in free vitamin 
A ester probably caused the transient 
inerease in intracranial pressure,” The 
vitamin A ester must be converted to 
the alcohol form by the hepatic enzyme 
retinyl palmitate hydrolase before it 
can be absorbed by the liver or com- 
plexed with retinol-binding protein for 
transport to target tissues.” Presum- 
ably, once the vitamin A ester is ab- 
sorbed by the liver or complexed with 
retinol-binding protein, the intracra- 
nial pressure returns to normal. 

To our knowledge there have been no 
reports of increased intracranial pres- 
sure after treatment of vitamin A de- 
ficiency in cystic fibrosis. There have 
been reports of as little as 175000 to 
300000 U of vitamin A administered 
orally in otherwise normal infants 
causing bulging of the fontanelle.” 
Perhaps patients with cystic fibrosis 
are more sensitive to a rise in pressure 
because of the depressed levels of 
retinol carrier proteins or enzymes, 
such as retinyl palmitate hydrolase, 
both of which are made in the liver. 
Indeed, despite administering one half 
the recommended intramuscular dose 
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- ipbeth of our ae the early detec- 
tion of xerophtiaalmia led to the diag- 
‘nosis and treatment of cystic fibrosis 
with secondary malabsorption of vita- 
min A. Since the final visual outcome 


1. Conwol of Vitemin A Deficiency and Xe- 
ropethateaia, WHO Technical Report Series 672. 
Geneva, Switzerland: World Health Organiza- 
tiom, PIBE. 

2, Smith RS, Farre T, Bailey T. Keratomalacia. 
Surs Opkthalmel, 1875;20:213-219. 

3. Felle P, Bors F. Veular complications of self- 
induced wtamin A deficiency. Trans Ophthalmol 
Soc UK, 2969:89:221 228. 

4, Patex AJ Jr, Haig C. The occurrence of 
abnormal dark adaptation and its relation to vi- 
tamin A metabo!ism im patients with cirrhosis of 
the Gwer. Clin Jnvest. 1939;18:609-619. 

§. Suolwan WR, MeCulley JP, Dohlman CH. 
Return of goblet.cellevitamin A therapy in xero- 
sis wf the conjunctiva. Am J Ophthalmol. 1973; 
Th: TS Tee 

6. Carney EA, Russell RM. Correlation of dark- 
adaptation tests results with serum vitamin A 
levels in d seased adults. J Nutr. 1980;110:552-557. 

7. HaieC, Hecht S, Patek AJ Jr. Vitamin A and 
rod-cone Gark adapts “on in cirrhosis of the liver. 
Science., 1938;87: 334-556. 

8. Sandberg MA, Hosen JB, Berson EL. Cone 
a8 red Function in ramin A a and 





a v | Opithalmel 1877:84: 658-664. 

9, Seho:merick J, Eehle E, Kottgen E, Gerok W. 
Zine and <itamin A deficiency in liver cirrhosis. 
oe, 1983;30:119-125 

Rogers suglas W, Russell RM, Bush- 
. pee Habbarc TE,Iber FL. Deficiency of fat 
solu tile viecamins after jejunoileal bypass surgery 
for morbid obesity. dae J Clin Nutr. 1980;33:1208- 
1214. 
O IL Brown GC,Felion SM, Benson WE. Revers- 
ible night slindness associated with intestinal by- 
pass surgery. Am J @ahthalmol. 1980,89:776-779. 

12. Ferman I, Barzilai D, Tamar H, Schramek 
A. Night vision in a case of vitamin A deficiency 
due to malabsorption. Br J Ophthalmol. 1983; 
67:37-42. 

13. Russell RM. Smath VC, Multack R, Krill AE, 











will often depend on the amount of 
damage sustained by the developing 
retina and optic nerves, ophthalmolo- 
gists need to be aware that xe- 
rophthalmia can still occur in the 
United States; this will ensure the 
early diagnosis and treatment of these 
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a isual Acuity Loss in Retinitis Pigmentosa 


f Relationship to Visual Field Loss 


Steven A. Madreperla, MD, PhD; Rosalind W, Palmer; Robert W. Massof, PhD: Daniel Finkelstein, MD 


è We compared visual acuity with visual 
field radius in 235 patients with typical re- 
tinitis pigmentosa and no evidence of 
. acuity~limiting problems 
. (such as cataract or foveal cystoid ede- 
ma). Results show a strong relationship 
between visual acuity loss and proximity 
to the fovea of the visual field border 
(shortest distance from the foveal center 
to the border of the V-4-e isopter) for these 
patients. Ninety-six percent of patients 
with central visual field radii greater than 
_ 80° have visual acuities of 20/40 or better; 
| 32% of patients with central visual field 
_ radii smaller than 10° have visual acuity of 
. 20/40 or better. 


(Arch Ophthalmol. 1990; 108:358-36 1) 


: Over the past two decades, there has 
been increasing interest in studies 


_ that document the natural history of 


retinal function loss in retinitis pig- 
mentosa (RP)'’; such studies are of 
value for a number of reasons: to 
counsel patients regarding the future, 
_ to plan vision rehabilitation programs, 
_ to gain insight into the pathophysio- 
_ logic mechanisms of disease, and to 
_ test experimental treatment protocols. 
Retinitis pigmentosa is a slowly pro- 
_ gressive retinal degeneration of un- 
known origin; often, but not always, an 
inheritance pattern can be ascertained 
from the family history. Although a 
precise definition of the disease has not 
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been reached,’ the clinical hallmarks 
present in most typical cases include 
the development of progressive visual 
field loss, night blindness, midperiph- 
eral intraretinal bone spicule pigmen- 
tation, ane narrowed retinal arteri- 
oles. 

Frequently, the term retinitis pig- 
mentosa is applied liberally to a di- 
verse group of patients with retinal 
degenerations. In the present study, 
we have included only those patients 
defined as. having “typical” RP. Al- 
though we previously have emphasized 
that a characteristic of typical RP is 
good visual acuity until late in the 
course of the disease,’ we stress that 
the level of visual acuity was not used 
as an Inclusion or exclusion criterion 
for the present analyses. 

Our laberatories have had a partic- 
ular interest in the manner in which 
the peripheral visual field becomes 
constrictee in RP, and we have de- 
scribed the very consistent rate at 
which that occurs.*’? During these 
studies, it -appeared to us that visual 
acuity loss did not begin to occur until 
late in thescourse of the disease, when 
the visual Held had become quite small. 
Since it is important to know when vi- 
sual acuity loss due to the retinal 
degeneration of RP might be expected 
to occur, we have examined visual acu- 
ity in relation to the radius of the 
visual field, excluding patients for 
whom visual acuity loss might be at- 
tributed to other factors (eg, cata- 
ract or cystoid foveal change). We 
show that, for the majority of pa- 
tients, clinically significant visual 
acuity loss (to <20/40) does not be- 


gin to oecur until the central V-4-e 
isopter constricts to less than 15° in 
radius. 


PATIENTS AND METHODS 


We performed a review of 346 patients 
with typical RP enrolled in an ongoing pro- 
spective study at The Wilmer Eye Institute, 
Baltimore, Md, from 1976 to 1988. At their 
initial visit, each patient had a clinical ex- 
amination performed by one of us (D.F.); 
the visual acuity was obtained using the 
patient’s own refraction on a rear-illumi- 
nated (25 fL) Sloan letter visual acuity 
chart at 10 ft. The visual field was measured 
with a Goldmann perimeter using V-4-e 
and II-4-e targets moving from seeing to 
nonseeing areas. Major criteria for estab- 
lishing the diagnosis of typical RP included 
intraretinal midperipheral bone-spicule 
pigmentation, with the addition, in most 
cases, of midperipheral retinal function 
abnormality as measured by perimetry; 
unilateral RP was excluded. Patients with 
evidence of associated conditions that could 
decrease visual acuity also were excluded. 
In this study, lens opacification was graded 
by a single observer (D.F.) as no opacity, 
trace, 1+, 2+, and 3+ based on the clinical 
impression that visual acuity would be lim- 
ited by the cataract to trace (220/30), 1+ 
(20/30 to 20/50), 2+ (20/60 to 20/100), and 
3+ (20/200 or worse). Only the no opacity 
and trace eyes were included in this study. 
Also, eyes with ophthalmoscopie evidence 
of cystoid macular edema were excluded. 
Fluorescein angiography was not routinely 
performed. Based on these criteria for in- 
clusion and exclusion, 235 patients were in- 
cluded in this study. 

Because we were interested in deter- 
mining whether the extent of visual acu- 
ity loss was related to the proximity of 
the clinically apparent surrounding de- 
generation to the fovea, the visual field 
was measured and recorded as the small- 
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est radius from the fovea to the isopter 
for the V-4-e and II-4-e test objects. To 
examine wheter patients with sparing of 
other retinal <reas had a decreased risk 
for losing visu_] acuity, separate analyses 
were performel on eyes with significant 
asymmetry in the visual field (>10° dif- 
ference betwe=n the smallest and the 
largest radii) ər with a large peripheral 
island of visie- (Fig 1). 


RESULTS 


Since thereis a high degree of bilat- 
eral symmetry in eyes of patients with 
RP,” we used only the right eye of each 
patient for analysis unless it was ex- 
cluded (see “Patients and Methods” 
section), in which case the left was 
used.In Figs through 3, 20/40 or bet- 
ter is used as <he criterion for good vi- 
sual acuity. gure 2 demonstrates the 
percentage of patients with visual acu- 
ity ef 20/40 œ better and visual field 
radii (V-4-e ispter) of 5° to 10°, 11° to 
15°, 16° to 2, 21° to 30°, or greater 
than 30°. Visual field data for both the 
Il-4-e and V-#e targets were available 
for analysis m this study. However, 
our initial chservations of the visual 
fields of these patients led to the deci- 
sion to use orly the V-4-e data, since 
visual acuity did not begin to decline 
until tne V-4+-e isopter was inside of 
30°. At this ame, most patients had 
very small or 10nexistent II-4-e visual 
fields, making further analyses using 
the []-4-e impossible. 

Figure 1 shews that the majority of 
patients (89%) with visual field radii 
greater than 5° had visual acuities of 
20/40 or bette -. For visual field radii of 
30° or great-r, almost all patients 
(96%) had visual acuities of 20/40 or 
better; for viszal field radii of 10° or 
less, only 32% ef eyes had visual acu- 
ities of 20/4) or better. Analysis 
showed that the trend seen in Fig 2, 
fewer patients with good visual acuity 
at smaller visual field radii, was sta- 
tistically signricant (P < .001, x’ test). 
Figure 1 consders separately the vi- 
sual acuities o patients with asymme- 
tries or peripberal islands in their vi- 
sual fields from those with simple cir- 
cular fields. *or every visual field 
group teg, 5° te 10°, 11° to 15°), the 
eyes with aswametric fields or periph- 
eral iskands œ vision had a slightly 
greater chane: of having good vision, 
but analysis diowed that this trend, 
better visual acuity in those with 
asymmetric fields or peripheral visual 
field islands, Gd not reach statistical 
significance (?>.1, Mantel-Haenzel 
Test''). 

We also plotted decimal visual acu- 
ity vs smalles central visual field ra- 
dius. The dataglotted in Fig 4 confirm 
that almost alFpatients retain 20/40 or 
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Fig 1.—Percent of patients with 20/40 or better visual acuity vs visual field radius (shortest dis- 
tance from the foveal center to the V-4-e isopter). Unshaded bar represents circular visual fields 
with no peripheral island or asymmetry; hatched bar, asymmetric visua’ fields or ones containing 
a large peripheral island; and shaded bar, the combined data (same as Fig 2). Value above each 
bar is the number of patients in each category. Since visual fields larger than 30° radius were 
mostly asymmetric, this category was not subdivided. 
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Fig 2.—Relationship between the percentage of patients with visual acuity of20/ 40 or better and 
their remaining visual field radius (shortest distance from the center cf the fovea to the V-4-e 
isopter). Value above each bar is the total number of patients in each category. 


better visual acuity until the V-4-e 
isopter constricts to a radius of less 
than 30°. 

The data also were analyzed in 
terms of inheritance pattern and func- 
tional subtype (types 1 and 2) for the 
cases in which this information was 
available (Fig 3). Definitions used to 


group patients by inheritance patterns 
and subtype have been reported 
previously.® Overall, the relationships 
between distributions of visual acuity 
and visual field radius in each sub- 
group of patients were similar to that 
seen with combined data (Fig 2). Un- 
fortunately, the smal! numbers of pa- 
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tients in some categories made it im- 
possible to fully evaluate this relation- 
ship in some subgroups (eg, type 1 and 
X-linked). There were, however, 
enough patients with visual field radii 
greater than 30° to show that visual 
acuity remained good for the large 
percentage of patients in every sub- 
group. The relationships between dis- 
tributions of visual acuity and visual 
field radius for multiplex, simplex, and 
dominant groups appear similar to that 
seen in Fig 2. An exception was seen in 
the smallest visual field radii (0° to 
10°) of the dominant group, in which 
all eight patients had visual acuity 
worse than 20/40. Also, the type 2 sub- 


group showed fractions of patients 
with good visual acuity that were 
somewhat greater than those in Fig 2 
in every visual field radius category. 

Visual acuity and visual field radius 
also were examined for the right eyes 
of the 111 patients who were excluded 
from the study for cataract or cystoid 
macular edema. A total of 16 patients 
were excluded for cystoid macular 
edema. Of patients with cystoid macu- 
lar edema, 12 (75%) of 16 had visual 
field radii greater than 30°. Seven 
(58% ) of these 12 with visual field ra- 
dii greater than 30° had visual acuity 
of 20/40 or better as compared with 
96% seen in Fig 2. 


Fig 3.—Relationships between percentage of patients with visual acuity 20/40 or better and re- 
maining visual field radius (shortest distance from the center of the fovea to the V-4-e isopter). 
Data are separated by functional subtype or inheritance pattern of retinitis pigmentosa. An aster- 
isk indicates that for groups in which there were fewer than five patients, histogram bars were not 
drawn; however, the fractions of these patients with 20/40 or better visual acuity are given in pa- 
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There were 96 patients excluded for 
cataract (1 also had cystoid macular 
edema). Equal numbers of patients 
excluded for the presence of cataract 
had visual field radii above and below 
30°. The distributions of visual acuity 
and visual field radii for the subgroup 
of patients excluded for cataract (ex- 
pressed as percentage of patients with 
visual acuity of 20/40 or better) were: 
greater than 30°, 78%; 21° to 30°, 66%: 
16° to 20°, 29%; 11° to 15°, 28; and 10° 
or less, 0%. Notice that each value is 
reduced from the corresponding value 
in Fig 2. 


COMMENT 


We have demonstrated that there is 
a significant relationship between the 
percentage of typical patients with RP 
with good visual acuity and the radius 
of the visual field; for the vast major- 
ity of patients (96% ), visual acuity is 
good (20/40 or better) when the visual 
field is greater than 30°. Only when the 
V-4-e isopter constricts to less than a 
15° radius did the majority (62% ) of 
eyes have visual acuity worse than 
20/40. This relationship was observed 
in patients without evidence of visual 
acuity-limiting cataract (as defined in 
the “Patients and Methods” section) or 
foveal cystoid changes evident on oph- 
thalmoscopy. It is possible that some 
of the patients without funduscopic 
evidence of cystoid change would have 
shown cystoid macular edema on fluo- 
rescein angiography. Since our prelim- 
inary observations suggested that 
most patients with cystoid macular 
edema had large (>30° radius) visual 
fields, inclusion of a few patients with 
cystoid macular edema might account 
for the few patients we observed (4% ) 
that had visual acuity worse than 
20/40 and visual field radius greater 
than 30°. 

Visual acuity and visual field radius 
also were examined in the patients ex- 
cluded for cataract or cystoid macular 
edema. The possibility that the results 
seen in the included population (poorer 
visual acuity with small visual fields, 
Fig 2) were due to the fortuitous ex- 
clusion of a group of patients with good 
visual acuity and small visual fields 
was ruled out, since patients with both 
cataract and cystoid macular edema 
had worse visual acuity overall than 
the included patients, and they were 
not concentrated in the small visual 
field groups. In fact, of the 16 patients 
with cystoid macular edema, the ma- 
jority (75%) had visual field radii 
greater than 30°. As expected, com- 
pared with the patients with RP in- 
cluded in the study, the percentages of 
patients with cataract with visual acu- 
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Fig 4.—De=cimal vsual acuity vs visual field radius (shortest distance from the foveal center to the 
V-4-e isopter). Visual acuity is plotted on a log scale. 


ity better than 20/40 were smaller for 
every visual fied radius examined. 
Previeus stuclies from this labora- 
tory hare suggested that retinal de- 
generation in RP affects central and 
peripheral vion concomitantly.” 
Also, work by s«veral laboratories sug- 
gests that foveal cone function is im- 
paired in patients with RP who have 
good visual aczity.'*"? Recent studies 
using Rayleigh matches’ and retinal 
densitometry" have shown that pa- 
tients with RP with good visual acuity 
have foveal eame abnormalities and 
that the severicy of abnormality cor- 
relates signifieantly with visual field 
area (determined with small targets, 
eg, Il-4-2). Our data showing a rela- 
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tionship between visual acuity and the 
smallest radius of the V-4-e isopter 
seem to be consistent with these 
studies that show correlations be- 
tween impaired cone function and loss 
of visual field in patients with RP. 
Previous studies have demonstrated 
the difficulty in providing a prognosis 
for visual acuity in typical patients 
with RP.'*'* Our data, demonstrating a 
relationship of the distribution of vi- 
sual acuity to visual field radius for 
typical patients with RP, may provide 
some assistance in this regard. From 
previously reported data,®’ we can pre- 
dict the approximate rate at which pe- 
ripheral visual field is lost and thus the 
age at which visual field radius of an 


individual patient will be reduced to 
less than 15°. Consequently, we can 
now estimate at what age individual 
patients will beccme at risk for clini- 
cally significant visual acuity loss due 
to the retinal degeneration. We believe 
that these results can provide useful 
information for counseling patients 
with RP, thereby aiding in the care of 
these patients until an effective treat- 
ment becomes available. 


This work was supported by research grant 
EY-01791 from the National Eye Institute, Be- 
thesda, Md. 
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Combined Phacoemulsification and 


Pars Plana Vitrectomy 


Steven B. Koenig, MD; Dennis P. Han, MD; William F. Mieler, MD; 
Gary W. Abrams, MD; Glenn J. Jaffe, MD; Thomas C. Burzon, MD 


@ Combined phacoemulsification and 
pars plana vitrectomy were performed in 
eight eyes with cataract and vitreoretinal 
disease. Six eyes had tractionai retina! 
detachment and/or nonclearing vitreous 
hemorrhage, one eye had a retained me- 
tallic intraocular foreign body, and one 
eye had a traumatic retinal detachment. In 
six eyes, a posterior chamber lens implant 
was placed in the capsular bag. Postoper- 
ative visual acuity improved in each case 
and ranged between 20/15 and 6/200. 
There were no perioperative complica- 
tions, and the posterior chamber lens im- 
plant appeared well tolerated during an 
average follow-up interval of 8 months 
(range, 3 to 30 months). This technique al- 
lows endocapsular fixation of a posterior 
chamber lens and provides rapid visual re- 
habilitation with a single operation. 

(Arch Ophthalmol. 1990; 108:362-364) 


(Cataracts are often removed during 

pars plana vitrectomy surgery if 
they interfere with visualization of the 
posterior pole. Lensectomy is most 
commonly performed through the pars 
plana using a vitreous aspiration-cut- 
ting instrument for lenses with soft 
nuclei or ultrasonic fragmentation for 
cataracts with hard nuclei.! However, 
pars plana lensectomy requires exci- 
sion of the anterior and/or posterior 
lens capsule and precludes endocapsu- 
lar fixation of a posterior chamber in- 
traocular lens. We herein describe a 
surgical technique that combines pha- 
coemulsification and pars plana vitrec- 
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tomy in a «ingle operation and allows 
placement of a posterior chamber lens 
implant in the capsular bag. 


PATENTS AND METHODS 


We retroswectively reviewed the charts of 
eight consecutive patients who underwent 
combined phacoemulsification and pars 
plana vitrecsomy at our institution between 
December 1£86 and June 1989. Preoperative 
clinical datadncluded the patient’s age, sex, 
type of cataract, underlying vitreous or 
retinal disease, and preoperative visual 
acuity. The duration of insulin dependence 
was noted ia patients with diabetes melli- 
tus. Postoperative data included the best 
corrected visual acuity, follow-up interval, 
and results əf the fundus examination. The 
results of the last postoperative examina- 
tion were resorded. One patient (case 3) was 
unable to return for a follow-up examina- 





Preoperatively, pupils were dilated with 
frequent dreps of 5% phenylephrine hydro- 
chloride (Neo-Synephrine), 1% cyclopento- 
late hydrocaloride (Cyclogyl), and 0.03% 
flurbiproferssodium (Ocufen), as well as one 
drop of 0.25% hydrobromide scopolamine. 
Surgery was performed following the ad- 
ministratios of general endotracheal anes- 
thesia (cases 1, 2, 3, 4, 5, 7, and 8) or mon- 
itored local anesthesia (case 6), which in- 
cluded a facal nerve and retrobulbar block 
using a 1:1 mixture of 2% lidocaine hydro- 
chloride ane 0.75% bupivacaine hydrochlo- 
ride with h~aluronidase. 

All eyes were prepared for pars plana 
vitrectomy ay placing 4-0 black silk sutures 
transconjupctivally around the rectus mus- 
cles. A 180° fornix-based conjunctival flap 
was dissected superiorly. Local bleeding 
was controled with wet-field cautery. Sele- 
rotomy sites were marked 3.0 to 3.5 mm 
posterior te the limbus inferotemporally, 
superonasa.ly, and superotemporally. A su- 
ture was preplaced for the inferotemporal 
sclerotomy site, and the vitreous cavity was 
entered wita a 19-gauge microvitreal reti- 
nal blade. #.n infusion cannula (2.5 mm to 











4.0 mm) was connected to 500 mL of irri- 
gating solution (balanced salt solution en- 
riched with bicarbonate, dextrose, and 
gluthathione) containing 0.3 mL of 1:1000 
epinephrine hydrochloride and secured in 
place. 

In eyes receiving a posterior chamber 
lens implant (cases 1, 2, 3, 4, 6, and 8) a 7.0- 
mm partial-depth corneoscleral incision 
was made with a razor blade knife 1 to2mm 
posterior to the superior limbus. A stab in- 
cision was made within the corneoscleral 
groove with a 3.2-mm keratome. The ante- 
rior chamber was filled with hyaluronate 
sodium (Healon). A 6-mm-diameter periph- 
eral puncture (“can opener”) anterior cap- 
sulotomy was completed with a 25-gauge 
bent cystotome needle. The phacoemulsifi- 
cation handpiece was introduced into the 
anterior chamber and the lens nucleus 
emulsified in the posterior chamber. Resid- 
ual cortical material was aspirated with the 
0.3-mm tip of the irrigation-aspiration in- 
strument. The wound was temporarily 
closed with a single 7-0 polyglactin 910 (Vi- 
cryl) suture. 

Two superiorly located sclerotomies were 
made with a 19-gauge microvitreal retinal 
blade, and the endoilluminator and vitrec- 
tomy instrument were introduced. After 
pars plana vitrectomy and adjunctive pro- 
cedures were performed, the light pipe and 
vitrectomy instrument were removed from 
the eye and the sclerotomy sites tempo- 
rarily closed with plugs. The retina was 
then inspected by indirect ophthalmoscepy. 
The previously placed polyglactin 910 su- 
ture was removed from the cataract wound 
and the capsular bag filled with Healon. The 
corneoscleral wound was enlarged to 7mm 
using a corneoscleral scissors. A Sinskey- 
style posterior chamber lens implant (10- 
LAB G107G or 108B, IOLAB Corp, Clare- 
mont, Calif) was then placed in the capsu- 
lar bag and centered using a Sinskey hook. 
The pupil was constricted with intracam- 
eral 0.01% carbachol. The corneoscleral 
wound was then closed with multiple inter- 
rupted 10-0 monofilament nylon sutures. 
Prior to completion of the wound closure, 
residual Healon was removed from the an- 
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terior chamber with the 0.3-mm tip of the 


irrigaticn-asp ration instrument. Fluid- 


gas exchange was performed in two eyes 


after extracapsular cataract extraction 
(case 7} and pesterior chamber intraocular 
lens insertion (case 4). The sclerotomy 
plugs were removed, and the sites closed 
with interrupted 7-0 polyglycelie acid (Dex- 
on) sutures. The conjunctival flap was re- 
approximated with interrupted 7-0 poly- 
glyeolic acid satures. Subconjunctival gen- 
tamicin sulfate (2# mg) and dexamethasone 
sodium phosphate (12 mg) were adminis- 
tered. The eye was treated with topical 1% 
ARE sulfate end gentamicin ointment 

2 . Postoperatively, eyes 
were treated with: topical 0.25% scopola- 
mine, 03% gentamicin, and 1% pred- 
niselene phosphate. 

Posto perative visual acuities were mea- 
sured using a soit contact lens (case 5), 
speetacles (case 1), or a pinhole correction. 
Postoperative maculopathy was diagnosed 
by slit-lamp biemicroscopy and a 90-diopter 
lens or indirect ophthalmoscopy. 





RESULTS 


Six patients were women and two 


were men (Tabie 1). The average age at 


the time of surgery was 56 years 
(range, 26 to 74 years). Six eyes had 
dense vitreeus hemorrhages that 
failed to clear during a period of at 
least 6 montks. four of these six eyes 
had long-standing insulin-dependent 
diabetes mellitus with proliferative 
retinopathy and had undergone previ- 
ous panretinal or focal argon laser 
photocoagulation. Two eyes had dia- 
betie tractional retinal detachment 
(cases 3 and 4). One eye (case 2) had 
developed neevascularization and vit- 
reous hemorrhage following a branch 
retinal vein oeciusion. None of the eyes 
in this series exhibited iris neovascu- 
larization. One eve (case 5) had a small 
retained intravitreal metallic foreign 
body. One patient (case 7), with a psy- 
chiatric disorder, developed a total 
rhegmatogenous retinal detachment 
follewing self-inflicted blunt ocular 
trauma. 
Ileyes in this series had cataracts. 
Four eyes had immature senile cata- 
racts with mild to moderate nuclear 
sclerosis (cases: L 2, 3, and 6), and two 
eyes (cases 4 and 8) had predominantly 
posterior subcapsular or anterior cor- 
tical cataracts. One eye (case 5) devel- 
opec a rosette-shaped posterior sub- 
capsular cataract with anterior corti- 
cal spokes following perforation of the 
lens with a meta lic foreign body. One 
eye «case 7) had a mature cortical cat- 
aract after blunt trauma. In each case, 
the hazy mediad cataract and vitreous 
hemorrhage) were significant in limit- 
ing visual acuity. Preoperative visual 
acuity ranged between light percep- 
tion and 20/400. 
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Vitreoretinal 
Disease 


PDR OS; vitreous 
heme (7 mo), 
status post focal 
argon jaser 


Branch retinal vein 
occlusion OD; 
vitreous heme 
(24 mo) 

PDR OD; vitreous 
heme (9 mo); 
status post PRP 

PDR OD; vitreous 
heme (6 mo); 
status post PRP 

Retained intraocu- 
lar foreign body 


Patient No./ 
Age, y/Sex 
1/67/M 


2/70/F 


4/35/F 


5/30/M 


Cataract 


+2 NS; +2 corti- 
cal; +1 PSC 


+3-4 NS; +1 PSC 


+2 cortical; 
+1 NS 


+2 cortical; 
+1 PSC 


Vision _____ Comments 
HMat2ft DM (30 y); 
peripheral 


neuropathy 


Possible macular 
hele 


HM at 5 ft IDDM (20 y) 


20/400 IDDM (17 y) 


Traumatic with 
small posterior 


capsular tear 


6/74/F PDR; vitreous heme 
(6 mo); status 


post PRP č 
Traumatic retinal 
detachment 
PDR; vitreous heme 
(6 mo) 


7/26/F 


+2 PSC 


20/400 IEDM (22 y) 


+1 cortical; 
+1 PSC 


+4 cortical 


20/200 EDM (6 y) 





*PDR indicates proliferative diabetic retinopathy; NS, nuclear sclerosis; IDDM, msulin-dependent diabetes 
mellitus; PSC, posterior subcapsular; LP, light perception; HM, hand motions; PRP, panrefinal photocoagulation; 


and GCF, counting fingers. 


Patient Visual 
No. Acuity: 


20/15 
6/200 


Retina 


Macular hole 


20/400 


Diabetic macular edema 


20/200 Macular pigmentary 


abnormalities 


Diabetic macular edema 


Six eyes underwent combined pha- 
coemulsification, pars plana vitrecto- 
my, and insertion of a posterior cham- 
ber intraocular lens (cases 1, 2, 3, 4, 6, 
and 8). Due to the possibility of post- 
operative endophthalmitis (case 5) or 
recurrent retinal detachment (case 7), 
two eyes did not receive lens implants. 
Following phacoemulsification, all cor- 
neas remained clear; however, during 
pars plana vitrectomy, one eye (case 5) 
developed exposure keratopathy and 
required epithelial débridement for 
adequate visualization of the posterior 
pole. In addition to pars plana vitree- 
tomy, two eyes underwent retinal 
membrane stripping (cases 3 and 4), 
five eyes underwent argon laser en- 
dophotocoagulation (cases 2, 3, 4, 7, 
and 8), one eye underwent removal of 
a retained metallic foreign body (case 
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Diabetic macular edema 
Diabetic macular edema 





Follow-up, 
mo Comments 


30 


6 YAG laser capsulotomy 
3 mc postoperatively 


Aphakie soft. contact lens 
correcticr: 


Vitrectemy, macular epiretinal 
memorane stripping, 
capsulectemy 

[rane caer werent reread 


5), and two eyes (cases:4 and 7) under- 
went fluid-gas exchange. There were 
no intraoperative eomolications. 
Visual acuity improved in all eyes 
following surgery (Table 2). Six eyes 
demonstrated Snel en acuities ranging 
between 20/15 anc. 20/200 during an 
average postoperative interval of 8 
months (range, 3 to 38 months). Two 
eyes (cases 1 and 5) achieved 20/15 and 
20/20 visual acuities. Visual acuity of 
20/100 or less was cue to diabetic 
retinopathy (case 3), macular hole for- 
mation (case 2), or previous macular 
detachment (case “>. Im each case, the 
vitreous was clear anc the retina at- 
tached. One patient underwent a YAG 
laser capsulotomy for an opacified pos- 
terior capsule 3 menths after surgery 
(case 2). One patien: (case 7) developed 
an epiretinal membrane and opacified _ 






















posterior capsule and underwent re- 
peated pars plana vitrectomy, mem- 
brane stripping, and excision of the 
posterior capsule 3 months postopera- 
tively. One patient was successfully 
fitted with an aphakic soft contact lens 
3 months after surgery (case 5). 


COMMENT 


Cataract extraction may be com- 
bined with pars plana vitrectomy if the 
cataract interferes with visualization 
of the retina or visual rehabilitation of 
the patient.’ Lensectomy is most com- 
monly performed via the pars plana, 
and the anterior and posterior lens 
capsule is usually removed, precluding 
placement of a posterior chamber lens 
implant.’ Recently, Blankenship et al’ 
described a technique of pars plana 
lensectomy in which the anterior lens 
capsule and zonules remain intact un- 
til the end of the procedure, allowing 
insertion of a posterior chamber lens 
implant in the ciliary sulcus. The dis- 
advantages of this technique include 
suleus fixation of the lens implant, 
technical difficulties of aspirating cor- 
tical material from the anterior cap- 
sule of the lens, and the need for a large 
central discission in the anterior lens 
capsule following placement of the in- 
traocular lens. 

To maintain an intact posterior lens 
capsule, cataract extraction should be 
performed using a limbal surgical ap- 
proach. Standard extracapsular sur- 
gery may be performed in conjunction 
with pars plana vitrectomy.’ However, 
if it is performed prior to vitrectomy 
surgery, manipulation of the cornea 
and prolonged intracameral irrigation 
may cause corneal edema that inter- 
feres with visualization of the retina. 
In addition, a large corneoscleral inci- 
sion (10 mm) may leak when the in- 
traocular pressure is elevated during 
vitrectomy surgery.’ If extracapsular 
cataract extraction is performed fol- 
lowing vitrectomy, intraoperative vi- 
sualization of the posterior pole may 
be compromised. In addition, zonular 
weakness and loss of the vitreous sup- 
port may cause excessive movement of 
the posterior capsule with a subse- 
quent capsular tear or dehiscence of 
the zonules, preventing placement of a 


1. Benson WE, Blankenship GW, Machemer R. 
Pars plana lens removal with vitrectomy. Am J 
Ophthalmol. 1977;84:150. 

2. Blankenship GW, Flynn HW, Kokame GT. 
Posterior chamber intraocular lens insertion dur- 
ing pars plana lensectomy and vitrectomy for 
complications of proliferative diabetic retinopa- 
thy. Am J Ophthalmol, 1989;108:1. 

3. Kokame GT, Flynn HW, Blankenship GW. 
Posterior chamber intraocular lens implantation 
during diabetic pars plana vitrectomy. Ophthal- 
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posterior chamber lens in the capsular 
bag.‘ 

These problems may be obviated by 
combining phacoemulsification with 
pars plane vitrectomy in eyes with 
mild to moderate nuclear sclerosis. 
Phacoemubification can be performed 
in the posterior chamber through a 
3.2-mm limbal incision without creat- 
ing clinically significant corneal 
edema. In young individuals with trau- 
matic cataracts, the nucleus can often 
be aspirated with the phacoemulsifi- 
cation handpiece without using ultra- 
sound energy. Visualization of the pos- 
terior pole remains excellent and does 
not interfere with subsequent pars 
plana vitrectomy surgery. Temporary 
wound clesure with a single inter- 
rupted 7-4 polyglactin 910 suture 
causes minimal corneal distortion and 
can withstand elevated intraocular 
pressure that may occur during pars 
plana vitrectomy. 

A limbai surgical approach allows 
the surgeon to maintain the posterior 
capsule and enables endocapsular fix- 
ation of a posterior chamber lens im- 
plant. In this series, five eyes with pro- 
liferative retinopathy due to diabetes 
or branch retinal vein occlusion re- 
ceived posterior chamber lenses. Four 
of these eves had undergone previous 
argon laser photocoagulation, and 
none had preoperative evidence of 
rubeosis imidis. Due to unilateral aph- 
akia, poor visual potential, and/or di- 
abetic pertpheral neuropathy or kera- 
topathy; these patients were believed 
to be poor candidates for aphakic spec- 
tacle or coatact lens correction follow- 
ing vitrectomy surgery. Although con- 
troversial, posterior chamber intraoc- 
ular lenses appear to be well tolerated 
in these patients.’ In eyes with prolif- 
erative diabetic retinopathy, an intact 
lens capsule may lower the incidence of 
iris neovascularization and neovas- 
cular glaucoma following cataract ex- 
traction.’ In addition, endocapsular 
fixation sequesters the posterior 
chamber lens implant from adjacent 
uveal tissue, reduces pigment disper- 
sion, and helps maintain an intact 
blood-aqueous barrier.’ 

Phacoemulsification may not be the 
preferred technique for cataract ex- 
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traction in some eyes undergoing com- 
bined lensectomy and vitrectomy. Ul- 
trasonic fragmentation of dense nuclei 
may require excessive energy and cre- 
ate intraoperative corneal edema. In 
addition, phacoemulsification is tech- 
nically more difficult to perform in 
eyes with miotic pupils and may con- 
tribute to intraoperative hemorrhage 
in eyes with extensive rubeosis iridis. 
In some eyes with severe proliferative 
retinopathy, the presence of an intact 
posterior lens capsule may act as a 
surface for postoperative fibrin depo- 
sition or fibrovascular proliferation 
and may contribute to the develop- 
ment of anterior hyaloidal fibrovascu- 
lar proliferation or pupillary block 
glaucoma.’ Phacoemulsification is con- 
traindicated in eyes with traumatie 
cataract if there is a mixture of lens 
and vitreous, a large area of zonular 
dehiscence, or a large tear in the pos-. 
terior capsule. In cases such as these, 
aspiration of formed vitreous with the 
phacoemulsification or irrigation-as- 
piration handpiece may cause exces- 
sive vitreous traction and a retinal 
tear. Although not contraindicated in 
the presence of a dense vitreous hem- 
orrhage, loss of the red reflex inter- 
feres with visualization of the lens 
capsule during anterior capsulotomy 
and aspiration of residual cortical 
remnants. 

Combining phacoemulsification 
with pars plana vitrectomy is simple 
and requires little additional instru- 
mentation. Following small-incision 
cataract extraction through the lim- 
bus, pars plana vitrectomy can be per- 
formed through a clear cornea with a 
water-tight wound. Maintaining zonu- 
lar and posterior capsule support al- 
lows endocapsular fixation of a poste- 
rior chamber lens implant. By combin- 
ing phacoemulsification and pars 
plana vitrectomy in selected cases, we 
can achieve more rapid visual rehabil- 
itation and functional unaided vision 
using a single operation. 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY, and Core Center Grant 
EYO 1931 from the National Eye Institute, Be- 
thesda, Md. 
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Keratoconus. 
assisted digital videophotokeratoscope to 
map the corneas:of 28 family members of 
5 patients with keratoconus. Abnormali- 
-ties observed in family members included 
“central steepening, greater steepening of 


easily diagnosed and has 
_ deseribed biomicroscopic findings.’ It 

has an incidence of between 50 and 230 
cases per 100 








embers of Patients With Keratoconus 


Yaron &. Rabinowitz, MD; Jenny Garbus; Peter J. McDonnell, MD 


@ in about 5% of patients with kerato- 
conus, there is a history of familial dis- 
ease. High keratometric astigmatism and 
mildly irregular mires observed by placi- 
dois disc have been suggested to repre- 
sent variable forms of expression of a 
gene in family members of patients with 
We used a computer- 


the cornea interior to the apex, and sub- 
stantial asymmetry in the central dioptric 


power between. the two eyes of the same 


individual. These findings were similar to, 


-but less severe than, those found in pa- 
tients with keraftoconus and may repre- 


sent the variable expression of a gene 


contributing te the development of kera- 


teoconus: Pedigree analysis in these fami- 


. Jies suggests: an autosomal dominant 
‘mode of inheritance. 
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Teratoconus is a clinical entity in 


which the cornea assumes a coni- 


cal shape because of thinning and pro- 


trusion. The precess is noninflamma- 
tory, is usualiy bilateral, and results in 
mild to marked impairment of vision. 
Keratoconus can occur in a variety of 
clinical settings (eg, Down syndrome 
anc atopy) og, more commonly, it can 
occur without any associated condi- 
tion.’ 

In its classie form, keratoconus is 
well- 





population. 4 Most 
cases reported to date have been iso- 
lated (nonfamilial). Von Ammon first 
deseribed a familial occurrence of 
keratocenus in 1830.’ Subsequently, 
several large series have reported a 
family history in 6% to 8% of pa- 
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tients.™* Neither the mode of inheri- 
tance nor the causative role of here- 
dity in this condition has been clearly 
established. It has been reported in 
identical twins, ° among siblings 
only," in progeny of consanguineous 
marriages,” and in blood relatives in 
two’ and three’ successive genera- 
tions. Based on these reports, both au- 
tosomal recessive and autosomal dom- 
inant modes of inheritance have been 
proposed. 

Newly developed computer-assisted 
digital videophotokeratoscopes gener- 
ate a color-coded map of anterior cor- 
neal curvature. Such devices might be 
used to demonstrate early or mild 
changes that may exist in family mem- 
bers of patients with keratoconus. We 
studied family members of patients 
with keratoconus, using the Corneal 
Modeling System (CMS) (Computed 
Anatomy Ine, New York, NY), in an 
attempt to identify subtle topographic 
patterns in biomicroscopically and 
photokeratoscopically normal individ- 
uals that were not present in the gen- 
eral population and that may be char- 
acteristic of early or mild forms of 
keratoconus. 


PATIENTS AND METHODS 


We studied the following three groups of 
subjects: 15 patients diagnosed with obvi- 
ous keratoconus, 25 normal individuals, and 
28 family members of patients with kerato- 
conus. To detect patterns observed in the 
keratoconus group, we studied the eyes of 
consecutive, newly referred patients with 
keratoconus who had no prior ocular sur- 
gery and who had not worn contact lenses 
within 48 hours. All patients with kerato- 
conus had biomicroscopic findings (such as 
Vogt’s striae and epithelial iron line) and 
topographic abnormalities detectable with 
a nine-ring photokeratoscope, criteria pre- 
viously described for diagnosing this dis- 
order.’ 

To generate normative data, we studied 
individuals with normal ocular examina- 
tion findings, no history of contact lens 
wear or prior ocular surgeries, and no 
known relatives with either keratoconus or 
severe astigmatism. These individuals were 
students or employees of the Doheny Eye 
Institute, Los Angeles, Calif, who volun- 
teered to undergo examination. 

To recruit family members of patients 
with keratoconus, we mailed a question- 
naire to patients with keratoconus who 





-er-Assisted Corneal Topography in Family 


were seen by the Cornea Service of the 
Doheny Eye Institute. We specifically asked 
patients about the number of parents, sib- 
lings, children, and other relatives who 
would be available for examination and 
whether any other family members were 
known to have keratoconus or documented 
astigmatism. We ultimately studied 28 
family members of 5 patients with kerato- 
conus. In two families, at least 1 other fam- 
ily member had knewn keratoconus. In an- 
other two families, at least 1 other member 
had refractive astigmetism, and in one 
family there was no history of keratoconus 
or astigmatism. In no family was there a 
history of consanguinity. 

All patients’ eyes were examined using 
CMS, a computerized eerneal topographic 
analysis system. This device uses 32 illu- 
minated rings to span mest of the surface of 
the cornea from the apex te the limbus (Fig 
1, left). The ring images are then captured 
on a digital video system, rings are digitized 
and curves fit to describe the shape of the 
entire corneal surface. Tepographic data 
points are extracted in polar coordinates 
using 256 radial lines scanning across the 32 
rings. On a typical phetokeratoscopic im- 
age, this generates many thousands of data 
points. This informetiomis then translated 
into a color-coded topographic map to aid in 
the visualization of regicnal changes in the 
corneal curvature. A cursor in the shape of 
a cross can be moved te any point on the 
cornea, and the power can be read at that 
point. This instrument has been demon- 
strated to provide measurements of curva- 
ture of calibrated steel balls as accurate as 
those obtained with a keratometer, and has 
been shown with human corneas to have an 
SD of +0.2 diopters (D}." 

With this instrument, two scales are 
commonly used to display topographic fea- 
tures: the normalized scale and the absolute 
scale. The absolute scale generates a color- 
coded map with 1.5-9 increments between 
35 and 50 D and 5-D increments outside this 
range, which facilitates eomparison of dif- 
ferent corneas. The normalized scale uses 
11 colors to span the range of dioptric pow- 
ers of the individual cormea; thus, the same 
color may not represent the same dioptric 
range of different corneas. With both 
scales, steep areas are depicted by so-called 
hot colors (ie, steep: red and brown), and 
flatter areas are depicted by so-called cool 
colors (ie, shallow: blue and green) (Fig 1, 
right). We chose the normalized scale to 
map all patients in this study, as this scale 
is more sensitive in detecting subtle topo- 
graphic changes within the anterior cor- 
neal surface of the same eve. 

In addition to topegraphic patterns, we ~ 
sought to identify quantitative measures > 
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that could reliably distinguish between 
normal corneas, those with keratoconus, 
and mildly abnormal! corneas. Initial anal- 
ysis of a group of patients with obvious 
keratoconus revealed three parameters 
that were obviously different from the nor- 
mal group. The corneas were steep, there 
was a marked difference between the cen- 
tral corneal powers of the two eyes, and the 
inferior corneas were markedly steeper 
than the superior corneas; similar changes 
have previously been reported to occur typ- 
ically in keratoconus.' We therefore mea- 
sured these three parameters in each of the 
study groups: (1) central corneal power 
(this is a reading taken when the cursor is 
placed at the center of the central ring) (Fig 
1, left); (2) the difference in central dioptric 
power between the two eyes of the same 
patient (as determined in 1); and (3) the 
amount of the steepening of the inferior 
cornea compared with that of the superior 
cornea (expressed as the I-S value, ie, the 
difference between the average inferior cor- 
neal dioptric power and the average supe- 
rior corneal dioptric power). To calculate 
this last value, we measured the dioptric 
power at five points along the inferior cor- 
nea, 3 mm from the center of the cornea, at 
30° intervals, ie, 210°, 240°, 270°, 300°, and 
330°, and at five points on the superior cor- 
nea, also 3 mm from the center of the cor- 
nea, at 30°, 60°, 90°, 120°, and 150°. The 
readings were added and the superior val- 
ues were subtracted from the inferior val- 
ues; a positive I-S value therefore indicates 
a relatively steeper inferior cornea, while a 
negative I-S value indicates a relatively 
steeper superior cornea. 

Three photographs were taken of each 
eye and the best one of three reproducible 
photographs was included in the study. 
Only pictures in which at least 28 of the 32 
rings digitized were included in the study. If 
any dry spots were noted, if movement or 
inappropriate fixation by the patient were 
noted, or if we were unable to obtain clear 
pictures of the central cornea because of 
deep-set brows, the pictures were repeated 
until all of these factors, which could con- 
tribute to incorrect interpretation of data, 
could be reliably excluded. 

Clinically and photokeratoscopically nor- 
mal family members were designated as 
topographically abnormal, by CMS, if any 
of the three parameters (central corneal 
power, right vs left asymmetry in central 
corneal power, or I-S values) was greater 
than 2 SDs above the mean found in the 
normal control group. 

The Students ¢ test (two-tailed, unpaired 
observations) was used to determine sta- 
tistical significance between values for cen- 
tral corneal power, right vs left asymmetry, 
and I-S value among the three groups (nor- 
mal family members, those with keratoco- 
nus, and clinically and photokeratoscopi- 
cally normal, but topographically abnormal 
[by CMS only] family members). P < .05 
was considered statistically significant. 


RESULTS 


Computer-assisted topographic anal- 
yses in the three groups that we studied 
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Keratoconus 


No. of patients 
studied 25 
Age, y 
Mean + SD 
Range 


33.7 + 9.7 
25-58 


Centrai corneal 
power 
Mean + SD 


Range 


43.67 + 1.44 
41.60 to 46.6 


S value 
Mean + SD 


Range 


—0.30 + 0.78 
~1.24 to +1.28 


Difference in 
dioptric power 
between 2 eyes 

Mean + SD 


Range 


0.52 + 0.20 
0.10 to 0.8 


* All values are in diopters. 


37.8 + 11.7 
19-54 
F EE NSt 


49.30 + 3.70 
41.90 to 56.10 
P we < 001+ 


461 + 4.30 
~2.64 to +12.6 
P cae <.001f 


4.60 + 4.30 
0.40 to 12.10 
P jane <.001ł 


Family Members 
pretassenteinnnan aeaa aeann, 
Topographically Topographically 
Abnormal! Normal 


14 14 


42.1 + 24.3 
15-83 


29.8 + 21.8 
13-81 


NSt? NSt 


46.25 + 2.45 44.32 +0.94 
43.00 to 51.70 43.20 to 45.7 
OO1t NSt 

.016ł 


0.89 + 1.11 0.29 + 0.55 
0.88 to +3.36 —0.82 to +1.28 


O04 tł NSt 
0044 


1.83 + 1.49 0.44 + 0.21 
0.1 to 4.9 9.00 to 0.8 


OO8t NSt 
.O564 





tNot statistically significant compared with normal group. 
Not statistically significant (NS) compared with keratoconus group. 


are summarized in Table 1. The groups 
were of similar ages. The group with 
keratoconus demonstrated three typical 
features of this disorder: central corneal 
steepening, greater steepening of the 
inferior cornea compared with the supe- 
rior cornea, and asymmetry in the cen- 
tral corneal power of the two eyes. The 
typical topographic finding in early 
keratoconus was an oval area of steep- 
ening displaced inferotemporally from 
the corneal apex (Figs 2 and 3). Other 
topographic findings included central 
steepening only, and steepening of vir- 
tually the entire cornea in very advanced 
cases. 

The group of normal control sub- 
jects had a mean (+SD) central cor- 
neal powerof 43.7 + 1.4 D. The corneas 
were aspheric, being steepest centrally 
and flattening toward the periphery. 
Most corneas flattened about 4 D, but 
some flattened up to 6 D (Fig 4). Nat- 
urally occurring astigmatism fre- 
quently had a figure-of-eight pattern 
(Fig 5), and we observed this in three 
subjects with 0.75, 1.50, and 5.0 D of 
keratometric astigmatism. Unlike the 
keratoconus group, however, the 
steepening above and below the cor- 
neal apex was fairly symmetrical. In 
addition, in this control group there 
were only small differences in central 
corneal power between the two eyes. 

The results of the 28 clinically and 


photokeratoscopically normal family 
members of patients with keratoconus 
are summarized in Table 2 and illus- 
trated in pedigrees A through E (Fig 
6). We identified 14 individuals in the 
five kindreds whom we considered to 
have topographically abnormal find- 
ings by CMS. Compared with normal 
subjects, the mean central corneal 
power of these affected family mem- 
bers was steeper, the inferior cornea 
was significantly steeper than the su- 
perior cornea, and there was a greater 
difference in the corneal power be- 
tween the right and left eyes. Three of 
these individuals who were topograph- 
ically abnormal by CMS, but biomicro- 
scopically and photokeratoscopically 
normal, are illustrated in Figs 7 
through 9. 

A-I-2 (Fig 7) is the 83-year-old 
mother of a patient with keratoconus. 
Her left cornea was very steep, with a 
central power of 51.7 D, and her un- 
aided visual acuity was 20/30, limited 
by minimal nuclear sclerosis. Her 
daughter, A-II-5, had a steep cornea 
(48.2 D) in the left eye. 

B-II-2, a 62-year-old father of a pa- 
tient with keratoconus, showed steep- 
ening inferior to the corneal apex as 
quantitated by an I-S value of 1.60 D 
(Fig 8). His visual acuity was 20/25 and 
refraction was plano +0.50 x 90. B- 
II-2 (Fig 9), the 32-year-old brother of 


Corneal Topography in Keratoconus —— Rabinowitz et al 


Bei E 


—— MODE — 





Fig 1.—Left, The 32 illuminated rings span the cornea from the apex to the limbus. Right, The normalized scale uses 11 colors 
to depict the power of the cornea, red being the steepest area and blue, the flattest area. 





Fig 2.—Typical corneal modeling system find- 
ings in an early oval cone in keratoconus (nor- 
malized scale). This patient had Vogt’s striae 
and aniron line. The red area is 53.2 diopters 
(D) anc the blue area, 40.2 D. The steepening 
ef the inferior cornea is quantitated by a pos- 
itive I-S value of 3.0 D. 





Fig 3.—WNine-ring photokeratoscope with inferior steepening 
(same cornea as in Fig 2). 
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Fig 4.— Normal cornea (normal zed scale). The 
central power is 42.0 diopters (D) (red) and the 
peripheral power 35.7 D (blue). This normal 
aspheric cornea flattens (about 6 D} gradually 
from center to periphery. Symmetry of the cor- 
neal power above and below the corneal apex 
is reflected by an I-S value of 9.00 D 





Fig 5.—Congenital astigmatism (normalized 
scale) in a cornea with 5 diopters (D) of with- 
the-rule astigmatism. The red is 46.0 D and the 
blue, 40.2 D. Note the figure-oteight configu- 
ration and symmetry above andibelaw the cor- 
neal apex as quantitated by en l-S value of 
0.05 D. 
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a Keratoconus $ 
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CI Female >48 D (>3 SDs) A Normal 
Steep Cornea, 
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w Deceased N >1.6 D (>2 SDs) (> o Examined by Others 
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a No. in Generation >1 D (>2 SDs) 


Fig 6.—Family pedigrees of five patients with clinically obvious keratoconus. D indicates diopters. 


Figure 7. Figure 8. Figure 9. 
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B-iV-3 15 45.1 42.3 
C-i- E 77 47.8+ Surgery 
C-s 18 43.8 47.6t 
CH2 17 48.54 43.6 
De 42 41.3 43.5 
O-u-2 15 43.4 44.1 





Eme 62 
“ll values are in diopters (D). 


Central Corneal Power 
ran cnr easement aiana e, 


-S Value 






Difference 
Between Two Eyes 


0.7 +0.48 





2.8T +0.4 0.00 
So +3.36+ eS 

3.8F —2.72 —0.88 
4.9ł +0.10 +0.72 
2.2ł 2.5 ~0.74 
1.0 —0.48 —0.08 


+All values in excess of 2 SDs above the normal (central corneal power, —46.5 D; I-S value, — 1.60 D; dif- 


_ ference in power between two eyes >0.92 D). 


Fig 7.—Clinically normal family member with 
abnormal topography (using the Corneal Mod- 
eling System}. Patient A-l-2 is the 83-year-old 
mother:of a patient with obvious keratoconus. 
Refraction is plaro +0.50 X 90, correcting to 
20/25. The ccrnea is steep centrally (red, 51.7 
diopters (D)) and flattens gradually to the pe- 
riphery (blue, 44:6 D). This may represent a 
nonprogressed nipple-shaped cone. 


Fig 8.--Clinically normal family member with 
< abnormal topegraphy (using the Corneal Mod- 
- eling System). Patient B-ll-2 was the father of 
a patiest with obvious keratoconus with inferior 
steepening below the corneal apex. This is a 
2-diopter (D) difference between the steeper 
area (red, 44.4 D) and the flattest area (blue, 
42.4 D]. Central corneal power is normal (44.3 
D). The steepening of the inferior cornea is 
quantitated by a positive I-S value of 1.6 D. This 
may represert a nonprogressed oval cone. 


Fig 9.—Clinically normal family member with 
abnormal topography (using the Corneal Mod- 
eling System} This brother (B-lll-2) of a patient 
with keratoconus and the son of the patient il- 
lustrated in Fig 8 nad a history of astigmatism. 
Refraction is —1.00 + 1.50 X 75, correcting 
to 20420. Corneal topography reveals the 
astigmatism to be markedly asymmetric, being 
much steeper inferiorly as quantitated by a 
positive |-S value of 2.28 diopters. 
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a patient with keratoconus and the son 
of B-II-2, had substantial inferior 
steepening of his left cornea with a 
markedly abnormal I-S value of +2.28 
D. His refraction was —1.00 + 1.50 x 
135, which corrected his visual acuity 
to 20/20 (Fig 9). 

The fellow eye of patient C-I-1 (77 
years old) with keratoconus, who is 
also the mother of a patient with 
keratoconus, was correctable to 20/20 
with spectacles (plano +0.50 x 90). 
This eye was normal on biomicroscopy, 
and no irregularity could be detected 
with the nine-ring photokeratoscope. 
Computer-assisted topography, how- 
ever, showed her to have a steep cornea 
centrally (47.8 D) and the inferior cor- 
nea steeper than the superior cornea 
with an I-S value of +3.36 D (in excess 
of 3 SDs above the mean). 

Comparison of the three parameters 
between biomicroscopically normal 
but topographically (by CMS) abnor- 
mal family members and the normal 
control group demonstrated statisti- 
cally significant differences (Table 1). 
There was a slight overlap between 





biomicroscopically normal, topo- 
graphically abnormai family members 
and patients with obvious keratoconus 
for the central corneal power, but sta- 
tistically significant differences for di- 
optric power betweer: the two eyes and 
I-S values in these two groups. The 14 
family members whe had normal bi- 
omicroscopic anc topographic exami- 
nation findings ‘by CMS), and who 
were therefore thowght to be unaf- 
fected, had no statistically significant 
differences from the group of 25 nor- 
mal subjects. 


COMMENT 


The results of this study provide new 
information that may allow us to bet- 
ter understand three confusing areas 
relating to the heredity of keratoco- 
nus—its variable presentation, a pos- 
sible relationship between astigma- 
tism and keratoconus in family mem- 
bers, and its moce of transmission. In 
addition, this study suggests new po- 
tential avenues fer investigation of the 
molecular genetics in this disorder. 

Autosomal dominant disorders are 
characterized by variable expression 
of the trait from generation to gener- 
ation and between individuals in the 
same generation. Neurofibromatosis 
(von Recklinghausen’s disease) is an 
example of an autosomal dominant 
disorder well known to ophthalmolo- 
gists. In its classic form (ie, when the 
gene is fully expressed) it is charac- 
terized by café au lait spots, axillary 
freckling, fibroma molluscum, plexi- 
form neurofibromas, pigmented iris 
(Lisch) nodules, and optic nerve 
gliomas.” In some family members, 
Lisch nodules may be the only mani- 
festation of the disease; these family 
members are designated as having a 
“forme fruste” of neurofibromatosis 
(indicating that the: gene is expressed 
only minimally). Keratoconus in its 
classic (fully expressed) form is char- 
acterized by the presence of irregular 
astigmatism, Vogt’sstriae, thinning of 
the cornea, a Fleischer ring, and apical 
scarring. By analogy with neurofibro- 
matosis, if keratocenus were an auto- 
somal dominant disorder and a gene 
was shown to contribute to its devel- 
opment, family merabers in whom the 
gene is expressed only minimally 
might have miki forms of irregular 
astigmatism with uone of the other 
biomicroscopic signs of this disorder. 
Amsler,” in 1933, was the first to rec- 
ognize that this did indeed occur and 
coined the term keratoconus fruste. 
Using a photographic placido’s disc, he 
was able to detect subtle topographic 
changes in biomicrescopically normal | 
family members of patients with kera- — 
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toconus, and in the fellow eyes of 
patients with unilateral keratoconus. 
When these patients were reexamined 
3 to 8 years after the initial diagnosis, 
66% of these subtle forms had pro- 
gressed.” Amsler found that progres- 
sion was highly variable and often was 
asymmetrical; the cone could remain 
stationary for up to 5 years, or could 
progress and arrest over an extended 
period. 

In 1951, Sorsby” suggested that the 
high degree of astigmatism he ob- 
served in some family members of pa- 
tients with keratoconus represented 
an incomplete form of the disease. In 
1968, Redmond” described four family 
pedigrees in which family members 
had keratoconus, keratoconus fruste, 
and high degrees of astigmatism, with 
50% affected in successive genera- 
tions. He concluded that keratoconus 
fruste and high degrees of astigma- 
tism represent heterozygotic expres- 
sion or low penetrance, and that clas- 
sic keratoconus represents homozy- 
gotic expression or full penetrance. He 
concluded that the mode of transmis- 
sion was autosomal dominant with 
variable expression and incomplete 
penetrance. Several other family ped- 
igrees that have been reported more 
recently appear to be consistent with 
this observation.°'!42!-23 

We demonstrated three topographic 
patterns in 14 of the 28 biomicroscop- 
ically and photokeratoscopically nor- 
mal family members of patients with 
keratoconus—steepening of the cen- 
tral cornea, greater steepening infe- 
rior to the corneal apex compared with 
above the corneal apex, and asymme- 
try in dioptric power between the two 
eyes of the same patient. Similar but 
more pronounced changes were noted 
in the patients with obvious keratoco- 
nus. It, thus, seems likely that these 
changes noted in otherwise normal 
relatives of patients with keratoconus 
represent an incomplete expression of 
the keratoconus gene, and it is there- 
fore possible that these patterns rep- 
resent subclinical keratoconus. The di- 
versity of age (second through ninth 
decades of life) at which these changes 
have been noted lends credence to 
the observation, originally made by 
Amsler," that keratoconus can be 
abortive, with only minimal changes 
existing up to a very late age. By fol- 
lowing up these patients for a pro- 
longed period, we will be able to deter- 
mine whether these subtle patterns 
progress or persist unchanged. While 
it is not possible, with absolute cer- 
tainty, to exclude environmental fac- 
tors such as atopy and eye rubbing, it 
would appear from our pedigree anal- 
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ysis that if these factors did contrib- 
ute, a predisposition to these factors 
has been inherited in an autosomal 
dominant manner in the families that 
we studied. 

The steep corneas noted in three 
families (A, C, and E) and the marked 
inferior steepening in one family (B), 
present in successive generations, pos- 
sibly reflect heterogeneity in this dis- 
order. Previous clinical observations 
support this notion. Perry et al” de- 
scribed two types of cones in advanced 
keratoconus that differ in their clinical 
presentation: the more common round 
or nipple-shaped cone, and the less 
common oval, sagging cone, which in 
most instances is found in the infero- 
temporal quadrant. They noted that 
these two distinct subtypes never oc- 
curred in the same patient. Patients 
with only central steepening noted by 
CMS may have nipple-shaped or cen- 
tral nonprogressed cones (Fig 7), while 
the increased I-S value could be ex- 
plained by an early or abortive oval- 
shaped cone (Fig 8). 

The asymmetry in dioptric power 
between fellow eyes in 8 of 14 individ- 
uals in the subclinical keratoconus 
group presumably reflects asymmet- 
ric progression of early disease, as 
suggested by Amsler,“ and has been 
noted in patients with obvious kerato- 
conus.! 

Astigmatism in family members of 
patients with keratoconus, reported by 
Sorsby”! and by others, +? was seen in 
our study, but with the CMS we were 
able to show that this astigmatism 
differs from typical congenital or nat- 
urally occurring astigmatism, thereby 
clarifying another potential source of 
confusion. Congenital astigmatism of- 
ten has a figure-of-eight configuration 
(Fig 5), with little difference between 
the powers superior and inferior to the 
corneal apex. The astigmatism in fam- 
ily members of patients with kerato- 
conus (Fig 9), however, appears to be 
typically asymmetric, with the power 
inferior to the corneal apex exceeding 
the power superior to the apex, as 
quantified by an I-S value in excess of 
1.6 D. Further studies of astigmatism 
in family members of patients with 
keratoconus may elucidate additional 
differences from typically occurring 
congenital astigmatism. 

Keratoconus has been reported to 
occur, for the most part, bilaterally. In 
one large series, only 14.3% had uni- 
lateral disease. Krachmer and 
coauthors’ suggested that a diligent 
search for early signs, such as inferior 
corneal steepening or irregular astig- 
matism, may reveal the presence of 
very mild disease in the normal eye. 





Amsler," too, noted keratoconus 
fruste in the fellow eye of patients with 
classic disease. Subject C-I-1, the 
mother of a patient with keratoconus, 
had a penetrating keratoplasty for ob- 
vious classical keratoconus in her right 
eye and had a clinically and photok- 
eratoscopically normal left eye. The 
CMS findings showed her to have cen- 
tral steepening, right vs left asymme- 
try, and an increasec I-S value in this 
clinically normal eye. In this individ- 
ual with keratoconus, in the one eye 
and a clinically normal fellow eye, the 
changes noted by CMS were similar to 
those seen in the other topographically 
abnormal family members whom we 
studied. This adds further credence to 
our hypothesis that the findings in to- 
pographically abnormal (by CMS) but 
clinically normal family members may 
represent subclinical (or incompletely 
progressed) keratoconus. 

The five families that we studied 
show the characteristics of autosomal 
dominant inheritance with complete 
penetrance and variable expression, ie, 
the trait appears in multiple genera- 
tions (vertical transmission), affected 
men and women transmit the disorder 
to both male and female offspring, men 
and women are affected equally, unaf- 
fected persons do not transmit the 
trait to their children, and variable 
expression of the trait from generation 
to generation and between individuals 
of the same generation is seen.’ If we 
consider only those family members 
who have keratoconus diagnosable by 
biomicroscopy or photokeratoscopy, 
the inheritance pattern in four of the 
families we studied would appear to be 
autosomal recessive. Our apparent 
ability to detect milder forms of the 
disease using the CMS suggests, how- 
ever, an autosomal dcminant mode of 
transmission in all five families. Fu- 
ture studies of other families using 
similarly sophisticated techniques for 
assessing corneal topography may well 
confirm that our abnormal findings 
using the CMS represent the subclini- 
cal keratoconus in clinically and pho- 
tokeratoscopically mormal family 
members, and that keratoconus is, at 
least in many families, an autosomal 
dominant disorder. 

Though our normal sample con- 
sisted of only 25 subjects, other studies 
correlate well with our findings, sug- 
gesting that our normative data are 
valid. In a study of 275 normal eyes, 
using a keratometer, the central cor- 
neal power was found to be 43.0 + 1.8 
D* (our value was 43.7 + 1.4 D. 
Dingeldein and Klyce,” using comput- 
er-assisted photokeratographic analy- 
sis, found the mean centrally weighted 
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average suriace power to be 42.86 + 
1.53 DOD and 42.82 + 1.59 D OS. They 
also noted, as we did, the similarity in 
topographic patterns between the two 
eyes and, in addition, that the corneas 
showec aspheric flattening from the 
center to the limbus. 

No previous studies have attempted 
to quantify the mferior corneal power 
below the apex compared with the 
power above the corneal apex, as re- 
flected in the I-S values. Inferior steep- 
ening cf the cornea with keratoconus, 
however, has been commonly reported 
to oecur.'*"' The most accurate way to 
quantify changes in the inferior cornea 
compared with the superior cornea us- 
ing CMS may be to average all the in- 
ferier data points and compare them 
with the average number of superior 
data points. Adcing these points indi- 
vicually using currently available 
software could be an extremely time- 
consuming and laborious task. Our 
methoc of using five points above and 
below the cerneal apex represents a 
simple way of quantifying inferior 
steepening. The validity of this simple 
technique will be tested as more so- 
phisticated techniques become avail- 
abie. With the development of new 
software, we hcpe to quantify more 
accurately sech topographic features; 
relance on pattern recognition alone 
may be misleading and inaccurate 

even to the most experienced observer, 
particularly when it comes to identi- 
fying very subtle topographic changes. 

Two of our 14 family members des- 
ignated as tapographically abnormal 
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by CMS (C-III-1 and C-III-2) were 
contact lens wearers, but had not worn 
their contact lenses for 48 hours before 
testing. Wilson and coworkers” re- 
ported that they saw changes in pa- 
tients wearing contact lenses affecting 
the central corneal topography and 
peripheral corneal topography 3 weeks 
after removal of the lenses and that 
they were able to detect these changes 
for up to 6 months after lens removal. 
It is possible that these changes may 
persist even longer. In our two pa- 
tients, the change in the central diop- 
tric power was far in excess of those 
reported by Wilson and coworkers; we 
cannot, however, totally exclude the 
possibility that these changes were in- 
duced by contact lenses. Future longi- 
tudinal follow-up studies will be car- 
ried out to seek progressive changes in 
topography that could confirm the 
validity of our findings in these two 
patients. 

Identification of large family pedi- 
grees with multiple individuals af- 
fected by keratoconus assumes a new 
significance in light of recent advances 
in molecular genetics that allow iden- 
tification of gene loci in hereditary 
disorders.” Because of the paucity of 
large families with enough affected 
individuals to make linkage analysis 
feasible, this type of research has not 
been applicable to the study of kerato- 
conus. In an autosomal dominant dis- 
order, linkage analysis would be opti- 
mal if at least 10 family members were 
affected and vertical transmission 
were shown through three genera- 
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tions. Using restriction endonucleases =- 
and radioactively | 
(which are known fragments of single- — 
stranded DNA), ectransmission of the 
diseased allele and a marker can be 
assessed in a given family. If no re- 
combination is shown in 10 informa- 
tive meioses, the distance between the 
probe and the disease locus can be es- 
timated. Linkage suggests that the 
gene for the diserder is located at a 
measurable distance from the site of 
the radioactively labeled probe. In 
many disorders, ‘cllewing the demon- 
stration of linkage, the gene for the 
disorder has beewcloned. Review of the 
literature failed to reveal any families 
with 10 individuals affected with kera- 
toconus. In 1925 Stahli described a 
family with obvicus keratoconus oc- 
curring in three generations, but only 
5 family members were shown to be 
affected. In our study, family A 
showed vertical transmission through 
four generations and, using the CMS, 
we believe that atleast 10 members are 
affected. Linkage analysis in this and 
similar families could be the initial 
step in identifying a gene or genes 
contributing to the development of 
keratoconus. 
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@ Several components of the elec- 
troretinogram were studied in 31 juvenile 
diabetics and 15 age-matched normal con- 
trois. The diabetic group consisted of 18 
patients without retinopathy and 13 with 
mild background retinopathy. Oscillatory 
potentials were measured at low-stimula- 
tion energies. Significantly reduced ampli- 
tudes and component-specific delayed 
g peak implicit times were found in both di- 
—  abetic groups compared with the data 
from the controls. Similar results were ob- 
tained in the photopic and scotopic elec- 
troretinogram. From these findings, we 
suggest that retinal dysfunction is already 
present in juvenile diabetics without pho- 
tographic evidence of retinopathy after a 
mean duration of diabetes of 7 years. 
{Arch Ophthalmol. 1990;108:372-375) 


The electroretinogram (ERG) has 

been shown to be a useful tool in the 
detection of functional disorders in the 
retina. In diabetic retinopathy, the re- 
duction of amplitudes and the delay of 
peak implicit times in the ERG have 
been related to the severity of 
retinopathy.'“ In the flash ERG, the 
oscillatory potentials (OPs), compo- 
nents with dominant frequencies 
around 140 Hz on the ascending limb of 
the b wave, have been of particular in- 
terest. Reduced OP amplitudes and 
delayed OP peak times have been re- 
ported in patients at early stages of 
retinopathy“* Abnormal OP ampli- 
tudes indicate a high risk of developing 
proliferative diabetic retinopathy and 
are correlated to the rate of progres- 
sion of diabetic retinopathy.”* The pat- 
tern ERG has been shown to be abnor- 
malin a variety of optic nerve diseases. 
Differing results have been reported to 
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Electrophysiological Changes in 
Juvenile Diabetics Without Retinopathy 


Simon Juen, PhD, Gerhard F. Kieselbach, MD 


date concerning the sensitivity of pat- 
tern ERG values to retinal changes in 
early diabetic retinopathy.’ 

In the present study, we investigated 
amplitudes and temporal aspects of 
the flash ERG in juvenile diabetics 
without retinopathy and others with 
mild background retinopathy. Special 
attention was paid to the performance 
of highly reproducible examination 
routines. The questions raised follow: 


Retinopathy 
Level 


Group / 


No. of Patients 





No. of M/F 
Patients 





(1) Are there characteristics in the 
ERG that correlate to the appearance 
of mild background retinopathy, and, 
if this is the case, (2) which stimulation 
and recording conditions have to be 
chosen to see maximum correlation? 
Pattern ERG examinations were not 
included in this study because pattern 
ERG values show larger intravariabil- 
ities and intervariabilities than do 
flash ERG values. Therefore, the de- 


DM 
Duration, y 


7.5 (4-14) 
8.5 (5-15) 


HbA,,, % 
7.3 (5.8-8.7) 
7.5 (5.7-9.0) 


Age, y 
24 (18-33) 
26 (20-30) 





Fig 1.—Electroretinograms (ERGs) in a normal control under photopic and scotopic conditions at 
several stimulation energies. Amplitudes (A,, A,) and implicit times (T,, T,) were evaluated as in- 
dicated by the arrows. The recording band widths were 2 Hz to 1 kHz for the photopic ERG and 
0.5 Hz to 1 kHz for the scotopic ERG. Oscillatory potential (OP) tracings are shown for different 
high-pass filters (20 Hz and 100 Hz). Stimulus onset is indicated by a broad arrow. 
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tection of sl 3 


nt abnormalities is more 
difficult. 
SUBJECTS AND METHODS 


Subjects 


The patient population consisted of 31 
juvenile diabetics who were classified into 
two groups aceording to the original Early 
Treatment Daabetic Retinopathy Study 
grading criteria.” Group 1 consisted of 18 
patients without diabetic retinopathy (both 
eyes. were classified grade 1) and group 2 
consisted of 18 patients with mild baek- 
greund retinopathy (both eyes were classi- 
fied grade 2 in 11 patients, and 2 patients’ 
eyes. were classified grades 2 and 3). Oph- 
thalmoscopic classification was performed 
by the same ophthalmologist in all patients. 
The clinical characteristics of all diabetics 
at the beginning of the study are listed in 
Table il. Common criteria were age from 18 
to 33 years, ro history of neuropathy, in- 
traocular pressure in the normal range, and 
visual acuity of 10/10. All patients used 
multiple injections of insulin. Hemoglobin 
A,, leve: and visual acuity were tested every 
3 montas. 

The control group consisted of 15 healthy 
persons, 8 female and 7 male, aged 18 to 30 
years-(median,.23 years), with normal re- 
fraction and nochistory of ophthalmological 
disease. 





‘Stimulation 


Photestimuiation was performed with a 
Ganzfeid stimulator (Medilog BS02, West 
Germany; diameter, 40 cm) containing a 
xenon fash tube (flash duration less than 1 
milliseeond) with neutral-density filters 
and halogen lamps for adaptation and back- 
ground illummation. Only white light was 
used. 


Recording 


All measurements were performed with 
the Toennies Electrophysiology System 
(Toennies Medical Electronics, West Ger- 
many). This apparatus includes all compo- 
nents: for stimulus generation and digital 
signal processing and registration, and al- 
lows pProgram-controlled adjustment of 
measurement parameters. Thus, manual 
switchever is. necessary only a few times 
and the performance of reproducible exam- 
ination routines is facilitated. Corneal con- 
taet lenses (Henkes Lovac [West Germany] 


ERG lens, 100 diopters) were used to mea- 


sure the ash ERG. Silver chloride surface 
electrodes were fixed at the center of the 
forehead (reference electrode) and at the 
earlobes (groand electrodes). Pupils were 
not dilated (see “Comment” section). Re- 
sponses were recorded simultaneously from 
both eyes. The examination routine as de- 
scribed below was performed step-by-step 
and was stricily timed with an accuracy of 
1 second to guarantee highly reproducible 
examination eonditions. 
Examination Routine 

The photoprc ERG was recorded prior to 
the scotopic ERG to achieve well-defined 
eonditiens at. the beginning of the dark- 
adaptation period. The Ganzfeld stimulator 
was positioned at a distance of 10 cm from 
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Normal Group 







* The data are expressed as the mean + SD. P values derived from Wilcoxon's testvesult from comparisons 
between the individual diabetic group and controls. r values are given for regression analysis of ERG differences 


among ali three groups in each row. 
TP < .01 (Wilcoxon's test). 
+Correlation error probability is fess than .05. 





“The data are expressed as the mean + SD. P values derived from Wilcoxon‘stest result from comparisons 
between the individual diabetic group and controls. r values are given for regression analysis of ERG differences 
among all three groups in each row. 

tP< 01. 

P< .O5. 

§Correlation error probability is less than .05. 


Flash 
Energy, J 


ALT YR NPN Ht rrr rer TET a a 


23.0 + 4.5¢ 


23.5 2-077 
47.6 + & 8+ 


ttha veye ahta mi trirta i eaa a eare amrer aaa aanmanen maa ac erage TEED OOOO TED 


Cnn nD TE DRE anan 


Ce a Or ESCORT 


EEN ALR RNIN AH thre ete Ee ETE ETE A AYA Re etn Hatha AAR ATARI AA EA rtrrefh recreate 


42.0 + 0.82 





41.8 + 1.93 





*The data are expressed as the mean + SD. P values derived from Wilcoxon's test result from comparisons 
between the individual diabetic group and controls. r values are given for regression analysis of electroretino- 


gram differences among all three groups in each row. 


tP < 01. 
tCorrelation error probability is less than .05. 
§P < .05. 


the eyes. The photopic ERG was recorded 
after 3 minutes of light preadaptation (2000 
lux) by averaging 16 responses to flashes of 
1 J and 2.5 J, at a repetition rate of two 
flashes per second. The preamplifier band 
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width was set from 2 Hz to 1 kHz, and the 
recording time was 108 milliseconds. The 
scotopic ERG was recorded after exactly 15 
minutes of dark adaptation. This period is > 
too short for full dark avaptation; therefore 





















the scotopic response is not the maximum 
rod response. A longer dark adaptation pe- 
riod would cause corneal irritation from the 
electrodes. Sixteen responses to flash ener- 
gies of 0.025 J, 0.10 J, and 0.25 J were aver- 
aged at a repetition rate of 1 Hz. The 
preamplifier band width was set from 0.5 
Hz to 1 kHz (analogue filters), and the re- 
cording interval was 200 milliseconds. The 
OPs were recorded subsequently to an ad- 
ditional 5 minutes of dark adaptation. This 


“ period was chosen to enhance the scotopic 


“o OP components, because the recording of 
-the scotopic ERG causes a transition to a 
mesopic state of adaptation. The OPs were 
recorded by averaging 16 responses to 0.1-J 
and 1.0-J flashes at a repetition frequency of 
1 Hz and 0.5 Hz, respectively. The band 
width was set from 100 Hz to 1 kHz. 


Statistical Analysis 


Analysis of variance and regression was 
performed with the aid of software pro- 
grams (BMDP Statistical Software Ine, Los 
Angeles, Calif). A two-sided Wilcoxon Rank 
Sum Test was used for differences between 
the individual diabetic group and the con- 
trol group. The level of significance was .05. 
The ERG differences among the three 
groups (controls, group 1, and group 2) are 
expressed by the correlation coefficient r 
derived from linear regression. The signif- 
icance level is |r| > .56, equivalent to an 
error probability of less than .05 (for small- 
est group size, n = 13). 


RESULTS 


Figure 1 shows ERGs recorded in a 
normal subject at different stimula- 
tion energies given in joules. Ampli- 
tudes and peak implicit times (mea- 
sured from stimulus onset) were de- 
termined as illustrated in Fig 1. In the 
photopic and scotopic ERG, only the 
implicit time of the b wave and the 
peak-to-peak amplitude (from the a 
wave minimum to the b wave maxi- 
mum) was evaluated. The average OP 
amplitude was computed as the arith- 
metic mean of the first four major 
peak-to-peak values (labeled OP1 to 
OP4). The effect of the high-pass filter 
used for frequency-resolved OP mea- 
surements is illustrated in Fig 1. For a 
given stimulation energy, the upper 
tracing of the OPs was recorded with a 
20-Hz high-pass filter. The lower trac- 
ing represents the identical response 
recorded with a 100-Hz high-pass fil- 
ter. With a limiting frequency of 100 
Hz, the OPs can be clearly distin- 
guished from the b wave. All ERGs re- 
corded in the diabetic patients agreed 
qualitatively with the curves shown in 
Fig 1. 

Tables 2 through 4 give the com- 
puted means and SDs of amplitudes 
and peak implicit times. Generally, the 
amplitude variability, ie, the SD ex- 
pressed in percent of the mean, is 
higher than that of the peak time by a 
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Fig 2.—Average vaiues of photopic electroretinograms as a function of retinopathy level for stim- 
ulation energies of 1 J and 2.5 J. Error bars are mean + SD. The straight and dotted lines serve 
only as optical guides. W indicates wave: N, no retinopathy. 
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Fig 3. — Average values of scotopic electroretinograms as a function of retinopathy level for three 
Stimulation energies (0.025 J, 0.10 J, and 0.25 J). Error bars (mean + SD) are not shown for the 
amplitude to retain clarity. The straight and dotted lines serve only as optical guides. W indicates 


wave; N, no retinopathy. 


factor of 3 to 6. Statistically significant 
differences between the individual di- 
abetic group and the control popula- 
tion are indicated. The absolute value 
of the correlation coefficient from lin- 
ear regression is given in each row. The 
r values above the level of significance 
({r| > .56) are also indicated. 

The results from the photopic ERG 
are plotted in Fig 2. The amplitudes 
are almost the same in all three 
groups. Clearly increased peak times 
are present in group 2, whereas the 
data from group 1 and the controls co- 
incide. In the photopic ERG at the 
higher stimulation energy (2.5 J), the 
wavelets on the b wave are identified as 
OPs. Thus, the measured implicit time 
is actually the peak implicit time of the 


second OP. The delay of this OP com- 
ponent on the ascending limb of the 
photopic b wave in diabetics could lead 
to higher amplitudes, even if the am- 
plitude of the low-frequency compo- 
nents of the b wave is reduced. 

Figure 3 shows the averaged sco- 
topic ERG characteristics. Reduced 
mean amplitudes are seen at the high- 
est flash energy (0.25 J) in group 1 and 
group 2 (P < .05). Also, the peak im- 
plicit time of the b wave is prolonged in 
both diabetic groups {P < .01). 

Figure 4 shows the mean values of 
the average OP amplitudes and the 
first OP peak time for flash energies of 
0.1 Jand 1 J. In group 1 and group 2, the 
OP amplitudes are reduced to about 
50% of the “norma!” mean value at the 
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Fig 4.—Averas 


extioscillatory potential (OP) amplitudes and peak implicit time of the first OP com- 


ponent as a fusetion of retinopathy level. Mean values + 1 SD (error bars) are plotted for a stim- 
ulation energy © 0.1 J and 1.0 J. The straight and dotted lines serve only as optical guides. W 


indicates wave, N. no retinopathy. 


lower dash energy. A delay of the first 
OP componert.(OP1) is seen at a flash 
energy of 0.1 J in the diabetic patients, 
whereas at aa energy of 1 J the same 
component P| appears at equal peak 
times mall groups. Also, the fourth OP 

yP4) is delayed at the 
lower dash energy only. 


COMMENT 


The resulte of this study show sig- 
nificant different ERG values for sev- 
eral ERG parameters in diabetic pa- 
tients with mo retinopathy and early 
retinopathy compared with normal 
nondiabetic controls. Simultaneous 
changes in beth ERG amplitudes and 
ERG timing were most pronounced in 
the OPs. In some ERG values, signifi- 
cant cifferences were found between 
diabetics arzi controls but not between 
diabetics witt and without retinopa- 
thy. 

The most important point in this 
study was the recording of the OPs at 
stimu_ation intensities much lower 
than usually applied." With increasing 
intensity, the value of the summed OP 
amplitudes peaches a maximum and 
decreases.** At low intensities, how- 
ever, there is an approximately linear 
rise of the OF amplitudes with increas- 
ing intensity: indicating a more sensi- 
tive relatioaship to illumination vari- 
ations. Thus, we expect larger OP am- 
plitude varrations at low illumination 
intensities fer functional retinal dis- 
orders. This assumption was con- 
firmed in ourfindings, especially in the 
delay of the first OP component (de- 
noted OPI a Fig 1). 
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The OPs reflect both the macular 
and the important midperipheral 
function of the retina. In eases with 
moderate and severe retinopathy, re- 
duced neurosensory functions are ex- 
pected in both.” In our study, all dia- 
betics are treated with multiple injec- 
tions of insulin. Evidence of retinal 
dysfunction was not expected after a 
mean duration of diabetes of 7 years. 
With the new methods described 
above, however, we found significant 
retinal dysfunctions without photo- 
graphically and microscopically veri- 
fied retinopathy. The OPs are probably 
generated from the inner retinal 
layers." Therefore, the changed char- 
acteristics of the OPs in our results 
suggest that after a few years of dia- 
betes, microvascular abnormalities 
are already present in the inner retinal 
layers. However, it is also possible that 
abnormalities in retinal metabolism 
secondary to diabetes could cause ret- 
inal dysfunction without a microvas- 
cular basis for the ERG changes. This 
interpretation could also explain the 
finding that some ERG values reveal 
differences between diabetics and con- 
trols, but not between diabetics with 
and without retinopathy. 

For a detailed analysis of ERG val- 
ues the pupil size also has to be taken 
into account, since pupils were not di- 
lated in this study. Smaller pupil di- 
ameters in the dark with smaller re- 
sponse amplitudes to illumination 
have been described in insulin-depen- 
dent diabetic patients. From the com- 
parison of the patients’ characteristics 
we expect no significant pupil size dif- 





ferences betweer diabetics and con- - 


trols in this study. In addition, the 
modified optics ky the contact lenses 
used reduces illumimation variations 
of the retina by pupil size variations, 
depending on the pupil diameter. For 
smali diameters, as during the record- 
ing of the photopic ERG, the influence 
of size variations on retinal illumina- 
tion would be most pronounced, limit- 
ing the interpretation of the ERG dif- _ 
ferences found. in the scotopic ERG — 
and in the OPs, however, pupillary ab- 
normalities can have only a minor ef- 
fect on the observed ERG changes. 

The investigation ef the rate of evo- 
lution to retinopathy related to abnor- 
mal ERG values will be the subject of 
future work. 
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Eye Injuries in Children in Israel 


A Nationwide Collaborative Study 


a Rapoport, MD; M. Romem, MD; M. Kinek, MD; R. Koval, MD; J. Teller, MD; M. Belkin, MD; 


N. Yelin; L. Yaneo, MD; H. Savir, MD 


® A nationwide prospective collabora- 
tive study on ocular trauma was performed 
. in israel during a period of 3 years (1981 
`- through 1983). Almost half of the traumas 
(1127 [47%] of 2416 eyes) were sustained 
by children younger than age 17 years, 
and mainly between the ages of 6 and 12 
__ years. Most of the injuries happened at 
home (38.1%) or in the street (26.8%) and 
during play and sport (65.1%). The male- 
-< to-female ratio among the children was 
< 4:1. Blunt injuries accounted for 59.2%: 


. 30.5% were perforating injuries and the 
- rest were chemical and radiation injuries. 


The visual acuity at the time of hospital 
_ discharge was better than 6/30 in the ma- 
-~ jority of the eyes but 122 patients (11%) 
had a visual acuity of less than 6/60, and 


.. no light perception was the result in 40 


. eyes (3%). The reasons for the severe out- 
come were as follows: 23 eyes (2%) owing 
to phthisis, 22 eyes (1.9%) were enucle- 
ated, and 16 eyes (1.4%) suffered from 
endophthaimitis. . 

(Arch Ophthaimol. 1990; 108:376-379) 


The relatively small number of sur- 

veys relating specifically to ocular 
trauma among children reflects the 
difficulties encountered in the accumu- 
lation of data relating to ocular inju- 
ries and the failure to code accurately 
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the cause and visual acuity. These dif- 
ficulties may be further compounded 
by the failure of children to return for 
follow-up. 

A certainnumber of general surveys 
of eye injuries have been published 
during this century in the ophthalmic 
literature. Eye injuries among chil- 
dren have eonstituted a considerable 
number in most of the surveys. 

In 1976, Maltzman et al! presented a 
4-year survey of 468 ocular trauma 
cases; 231 injuries (49.6% } occurred in 
children. Thordarson et al? published a 
report in 1979 on 105 patients with oc- 
ular trauma who were hospitalized 
during a 12-year period; 55 (52% ) were 
children. In 1980, Canavan et al} pub- 
lished a review of 2032 patients admit- 
ted to eye and ear clinics in Belfast, 
Northern Ireland, during the years 
1967 through 1976; 780 patients 
(38.4% ) were children younger than 16 
years. In another general survey that 
was carried out for the first time in a 
developing country, Ilsar et al re- 
ported the cases of 205 hospitalized 
patients with ocular trauma in Malawi 
during a 2-year period; 71 (34.6% ) were 
children and young adults younger 
than 20 years. 

Several reports of eye injuries in 
children in general were published 
between the years 1952 and 1985, and 
dealt with different epidemiologic as- 
pects. Other studies concerning chil- 
dren are limited to specific aspects of 
ocular traurma.!'§ 

The frequency of eye injuries in 
childhood is nigh. The serious deterio- 
ration of visual acuity that might re- 
sult encouraged all departments of 
ophthalmolegy in Israel to collaborate 
to conduct a general comprehensive 
country-wide survey.” Our study con- 
sisted of a large number of eye injuries 
that occurred during various kinds of 





activities and in different areas of the 
country, including towns and villages. 

The purpose of this study was to ex- 
amine the various causes of ocular 
trauma among children, to evaluate 
the prognosis, and, in the light of the — 
results, to suggest goals for prevention 
in the hope of reducing the needless 
loss of eyes. 


MATERIALS AND METHODS 
The study is part of a national survey on - 


ocular trauma that had been conducted be- _ 


tween the years 1980 and 1983 in 17 of 19 | 
departments of ophthalmology in Israel.’ 
The survey comprises all patients who sus- 
tained eye injuries that required hospital 
admission. The method of data recording 
has been reported elsewhere.” 


RESULTS 


The total number of patients with 
ocular trauma was 2276 (2416 eyes); 
1127 (47% ) of the eve injuries occurred 
in children. The distribution of age and 
sex, location of injury, cireumstance of 
occurrence, cause of injury, type and 
kind of injury, duration of hospitaliza- 
tion, and visual acuity at the time of 
hospital discharge are shown in Tables 
1 through 9, respectively. 

Of the 1127 injured children, 894 
(79.3%) were males, and 238 (20.7%) 
were females. The ratio of males to fe- 
males was 4:1 (Table 1). 

Monocular injury was found in 92% 
of the patients while bilateral ocular 
injury constituted only 8% of the 
cases. 

The injured children were divided 
into the following age groups: 0 to 5 
years of age, infants and preschool 
(17.8% of injuries); 6 to 12 years of age, 
elementary school (50.5% of injuries); 
and 13 to 17 years of age, high school 
(31.7% of injuries). 

Most of the injuries happened at 
home (38.1% ) and in the street (26.8% ) 
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p _ ble 7). 








aes, Females, 
No. e) No. (%) 
136 (75.1) 66 (28) 
463 £1.73 106 (54) 
296 (3) 61 (26) 

894 (79.3) 233 (20.7) 


Age, y 
201 (17.8) 
569 (50.5) 
357 (31.7) 

4127 (100) 


(Table 2). The cecurrence at home and 


found in the elementary school age 
group (Table 2). 

As showr in Table 3, 65.1% of inju- 
ries oczurred curing play and sport, 
25% occurred in accidents, and 10% 
were inflicted by assault. During play, 
sport, and accidents at home, the most 
vulnerable group was elementary 
schoolchildren (Table 3). 

The most common causes of injury 
were stones (221 cases [19.6% ]) fol- 
lowed by sharp objects (186 cases 
[166% ) and branches (122 cases 
[10.8% )(Table-4). Blunt injuries were 
more frequeat 59.2% ) than perforat- 
ing injaries (305% ). Most of the blunt 
and perforaiing injuries occurred in 
the age group of elementary school- 
children. 

Chemical and radiation injuries oc- 
. curred in 105 eyes (9.4%) and 8 eyes 
~~ (0.7%). respectively (Table 5). The 
most common diagnosis and cause for 
hospitalization was hyphema (514 cas- 
- es}, followed by erosion of the cornea, 
perforation. and retinal edema (Table 
6). 

The duration of hospitalization was 
less than 5 days in 479 eye injuries 
(43%) and more than 16 days in 58 
(5% ). In the majority of the patients, 
the duration ef hospitalization was 
between 5 and 16 days. Perforating in- 
juries, traumatic cataract, and severe 
hyphema required a longer hospital- 
ization than other types of injury (Ta- 








_ From the total number of 1127 eye 
‘injuries, 58% of the patients regained 
_a visual acuity between 6/6 and 6/9 
(Table). In 122 eyes (11%), the visual 
acuity at hospital discharge was be- 
tween 6/60 andcount fingers, and in 40 
eyes (3% ) the cutcome at hospital dis- 
charge was total blindness. There was 
a eorrelation between the type of in- 
jury and the fimal visual outcome. In 
perforating injuries, 9.38% resulted in 
no light perception (32/344). In blunt 
injuries, oniy 16% resulted in no light 
perception (11/668). 

Phthisis bulbi during hospitaliza- 
tiem occurred in 23 eyes (2%). Enucle- 
ation was required in 22 eyes (1.98%), 

and in 16 eyes (1.4% ) endophthalmitis 
developed. 
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Street 

Nursery school 
Playground 
Work 

Field 

Summer camps 
Seashore 


201 (17.8%) 


Circumstances 
Play and sport 


Accidents at 
Home 


Work 
Road 
Others 
Assault 
200 (17.8%) 
*Number of missing observations = 2. 


Types of Injury 
Blunt 
Perforating 
Chemical 
Radiation 


Since visual acuity was undeter- 
mined in 11% of the patients, the prev- 
alence of severe impairment among 
the youngest age group might have 
been higher than recorded. The most 
serious outcomes were phthisis bulbi 
in 23 eyes (2% ), endophthalmitis in 16 


569 (50.5%) 


569 (50.6%) 





302 (26.8) 
225 (20.0) 
75 (6.7) 
42 (3.7) 
32 (2.8) 
14 (1.2) 

8 (0.7) 


357 (31.7%) 1127 (100) 


Total No. (%) 
732 (65.1) 


190 (16.9) 
50 (4.4) 
19 (1.7) 
22 (2.0) 

112 (10.0) 


356 (31.6%) 4125 (100) 





Total No. (%) 


90 (8.0) 
62 (5.5) 


Total No. (%) 
668 (59.2) 
344 (30.5) 
106 (9.4) 

8 (0.7) 


eyes (1.4% ), and enucleation in 22 eyes 
(1.98% ). 


COMMENT 


The proportion of children among .. 
all patients with ocular trauma indif- 
ferent surveys is given in Table | 













Diagnosis Total No. (%) 

514 (45.6) 
Corneal erasion 77 249 162 488 (43.3) 
Retinal edema 11 171 98 280 (24.8) 
Traumatic iridocyclitis 14 45 165 (14.6) 
Traumatic cataract 27 69 34 _130 (11.5) 
Retinal and vitreal hemorrhage 12 58 49 119 (10.5) 
Retinal detachment 4 18 10 32 (2.8) 
Intraocular foreign body 3 12 18 33 (2.9) 


Hyphema 














Duration, d 







Diagnosis 1-4 5-15 1+ 


2 


Total No. (%) 
510 (45.6) 


37 252 21 
129 145 4 : 
66 91 6 






Hyphema 





Retinal edema 278 (24.8) 


Traumatic iridocyclitis 163 (14.6) 
Traumatic cataract 9 86 33 12B (11.4) 
Retina! and vitreous hemorrhage 19 85 14 118 (10.6) 





Traumatic mydriasis 44 66 3 110 (9.8) 
Retinal detachment 1 25 6 32 (2.9) 
intraocular foreign body 4 24 § 33 (3.0) 



























Age, Total 6/6-6/9, 6/ 12-6/30, 6/60-CF,° NLP, * Undetermined, 
y No. No. (%) No. (%) No. (%) No. (%) No. (%) 
6-12 569 326 (57.2) 122 (21.4) 71 (12.6) 27 (4.7) 23 (4.0) 
13-17 357 248 (69.5) 58 (16.3) 43 (12.0) 8 (2.2) ... (0) 
Total 1127 654 (58.0) 191 (17.0) 122 (11.0) 40 (3.0) 420 (11.0) 





* CF indicates count fingers: NLP, no light perception. 


Type «f Total No.. Percentage 
Source Survey of Cases of Chiidren 
Werner Finland 1946-1950 Children Total, 1166 
Children, 215 
Niiranen and Finland 1977 Children Total, 319 34.5 
Raivio’ Chiidren, 110 
isar et al‘ Malawi 1978-1977 Generzg! Total, 205 34.6 
Children, 71 
Canavan et af ireland 1967-1976 Genera Total, 2032 71 
Children, 1437 
Thordarson et al’ iceland 1965-1976 Genera! Total, 105 37 
Children, 39 





Savir et af Israel 1965-1975 Children Children, 658 
Gordon and Maseru, 1982 Children Children, 110 
Mokete® Lesotho, (published) 
South Africa 
Present study israel 1980-1983 Children Total, 2276 47 


Children, 1127 
* Year represents time span between research study and publication əf data. 
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Compared with other surveys,?4*7%" 
children constituted a rather high per- 
centage (47% ) of patients with ocular 
injuries in this study. 

The rate of ocular trauma among 
boys was much higher than among 
girls. The ratio of boys to girls was 4:1, 
similar to other surveys, 2457349 

Our data show that the group at 
highest risk for injury is the 6- to 12- 
year-olds (569 eye injuries [50.5% ]), 
which is in accordance with other re- 
ports.’ 

Eye injuries occurring during play 
and sport were the most common and 
constituted 65.1% of all injuries. Acci- 
dents constituted 25% of the eye inju- 
ries. Most of them happened at home 
(16.9%) while assault accounted for 
10%. 

In the survey by Canavan et ab of 
Northern Ireland, 82.1% of eye inju- 
ries in children younger than 16 years 
occurred during play and sport activity 
and only 7.7% occurred in accidents at 
home. 

In the study of Niiranen and Raivio,’ 
82% of eye injuries occurred during 
sport and play while the percentage of 
injuries during domestic activities was 
17% (very close to our results), 
whereas in the study of Ilsar et al‘ in 
Malawi, most of the mjuries happened 
during domestic activities rather than 
during sport and play activities. The 
percentages of injuries following as- 
sault are similar in our survey (10% ) to 
those in Malawi (9.9% ). In the study of 
Gordon and Mokete,* 93.6% of injuries 
happened outdoors and only 6.4% hap- 
pened indoors. We assume that these 
differences in the course of pediatric 
ocular injuries are caused by the dif- 
ferent standards of living, the diverse 
climates, and the various habits of 


Circumstance 
of Occurrence 





90 20 Sport and play, 82% 
Accident in home, 17% 
53 18 Sport, 2.8% 
Domestic activity, 56.4% 
1199 238 Sport and play, 82.1% 
Accident in home, 7.7% 
33 6 Sport, 10% 


Accident in home, 26% 


Accident in street, 50% 
Accident in home, 25% 





81 29 Outdoor setting, 93.6% 
indoor satting, 6.4% 
894 233 Play aed sport, 65.1% 


Accident in home, 16.9% 
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these countries. 
In our study, stones and sharp ob- 
jects were the most frequent causes of 
eye injuries x19. 6% and 16.6%). The 
results of other surveys, relating to 
sharp cbjects and explosion as causes 
of ocular trauma in childhood, suggest 
that dangereus tools and explosives 
are less available to children today 
than previous y 

Blunt injuries accounted for 59.2% 
of the injuries, while perforating inju- 
ries were observed in 30.5% of the pa- 
tients. Chemicals and irradiation 
caused 10.1% of the injuries. Similar 
results were-obtained in the study of 
Savir et al’ 

The most eemmon kinds of injury, 
similar to etaer surveys, were hy- 








ee -phema (45.6%, erosion (43.3%), and 


perforations. (3.9%). The results of 
a aur kaa regarding perfo- 


ol dead E but unfortu- 
nately the rate during the 1980s is still 
relatively and absolutely high. The 
prognosis, as well, is still poor (14% in 
our study). 


CONCLUSIONS 


The prevalence of ocular trauma is 
still high, almest 50% of it occurring in 
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children, and it is the most common 
cause of unilateral blindness in chil- 
dren.’ The major causes of ocular 
trauma in children, which include un- 
necessary risks at play, insufficient su- 
pervision by adults, and use of danger- 
ous objects, are universal and exist 
both in developing and developed coun- 
tries. 

The incidence of eye injuries among 
children occurs mainly in the primary- 
school age.*!' Among boys, the inci- 
dence of eye trauma is significantly 
higher than among girls, which is the 
result of the greater exposure of boys 
to injuries in general and the higher 
incidence of violent activities among 
them. The finding of predominance of 
ocular injuries in boys is the same in 
developed and developing countries. In 
all countries, young boys appear to be 
at greater risk for ocular injury. 

The present survey confirms that el- 
ementary schoolchildren are the most 
vulnerable age group and suggests the 
need for preventive measures to pro- 
tect this “high-risk” group. The fre- 
quency, the high percentage of injured 
children, and the grave damage caused 
to eyes, damage that will be carried for 
many years to come, are a cause of deep 
concern and lead to the question of 
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what sort of preventive measures _ 


should be taken to avoid or lessen the 


number of eye injuries among chil- 
dren. 

To reach this important goal, the 
following preventive measures are 
suggested: (1) Educative work should 
be done both amoeng children and par- 
ents. Lectures in schools and special 
programs dedicated to the subject of 
eye injury prevenzion on television and 
in the other media may assist in 
achieving this geal by providing the 
necessary information concerning the 
various dangers and the serious out- 
comes that could follow eye injuries. 
Such educative attempts may have a 
considerable efficacy in reducing the 
number of eye injuries among chil- 
dren. (2) Regarding the fact that a high 
percentage of eye injuries in children 
happened at home and were caused by 
sharp objects, such as the sharp edges 
of household tools or furniture, special 
safety standards should be upheld by 
the authorities with regard to danger- 
ous furniture, toys, etc. (3) Marketing 
of children’s toys and furniture with- 
out confirmation of safety standards 
should be prohibited. 
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Breakdown With Diclofenac 


A Fluorophotometric Study 





~ Inhibition of Blood-Aqueous Humor Barrier 


Manus C. Kraff, MD; Donald R. Sanders, MD, PhD; Lorraine McGuigan, MD; Marsha Gold Raanan, MS 


@ Various doses of a new topical non- 
anti-infiammatory agent, di- 
clofenac sodium, were tested against 
prednisolone sodium phosphate in a ran- 
domized double-masked study to deter- 
mine comparative efficacy and safety re- 
garding the reduction of postsurgical 
ocular inflammation. Inflammation was as- 
sessed by measuring fluorescein leakage 
into the anterior chamber using fluoropho- 
tometry techniques. Increased leakage in 
each patient’s operated-on eye compared 
with the unoperated-on control eye was 
attributed to a breakdown in the blood- 


`- aqueous barrier caused by the cataract 


‘surgery. Elimination or significant reduc- 


i _ tion of fluorescein leakage within a treat- 


-ment group constituted increased efficacy 
-in controlling inflammation. A total of 124 
cases were analyzed. There were no pre- 
operative differences among groups in 


© fluorescein leakage. At 1 week after sur- 


_ gery, all three diclofenac groups had sig- 
nificantly less fluorescein leakage com- 
pared with the prednisolone group. Mean 
. percent increases were 56% to 118% in 
diclofenac groups vs 324% in the pred- 
nisolone group. No differences among di- 


< glofenac concentrations were detected. 


The differences between prednisolone 
and diciofenac were also present, al- 
though of lesser magnitude, at 3 weeks. 


_ This demonstration of increased efficacy 


of the nonsteroidal anti-inflammatory 

agent vs prednisolone is promising given 

the known side effects of ocular steroids. 
(Arch Ophthalmol. 1990; 108:380-383) 


Aecepted for publication August 24, 1989. 

From the JFK Eye Institute, Chicago, H. 

Reprint requests to JFK Eye Institute, 5600 W 
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A number of topical nonsteroidal an- 

ti-inflammatory drugs (NSAIDs) 
have been evaluated as alternatives to 
the use of topical steroids in treating 
postsurgical ocular inflammation. 
Such agents may effectively reduce 
clinical inflammation while avoiding 
some of the adverse side effects gener- 
ally associated with topical cortico- 
steroids (ie, glaucoma, Inhibition of 
wound healing, or facilitation of her- 
petic infection).! Recently, studies 
have also demonstrated the efficacy of 
topical NSAIDs in reducing the break- 
down of the blood-aqueous humor bar- 
rier (BAB) following cataract surgery. 
The measurement of fluorescein leak- 
age into the anterior chamber, by flu- 
orophotometry, has been used to as- 
sess BAB breakdown in these studies.” 
In fact, fuorophotometry in the as- 
sessment of BAB integrity has demon- 
strated that an NSAID, 0.5% ketorolac 
tromethamine, was more effective in 
maintaining the BAB than topical dex- 
amethasone sodium phosphate.’ In- 
domethacin sodium trihydrate has 
been shown to have an additive effica- 
cious effect with dexamethasone in re- 
ducing fluorescein leakage? Diclofenac 
sodium and flurbiprofen have also 
been shown through fluoraphotometry 
to suppress BAB breakdown following 
cataract surgery.” 

In this article, we report the efficacy 
results of a randomized, double- 
masked, controlled dose-response 
study of the effect of diclofenac sodium 
solution, a topical NSAID, vs pred- 
nisolone sodium phosphate solution on 
postsurgical ocular inflammation fol- 
lowing cataract extraction as assessed 
by fluorophotometry. The scope of this 
study is limited to fluorophotometric 





results. Safety criteria were analyzed 
by the sponsoring company and will 
not be reported in this article. 


PATIENTS AND METHODS 


This randomized, double-masked, con- 
trolled dose-response study was carried out 
at a single surgical center; all procedures 
were performed by a single surgeon 
(M.C.K.). Eligibility was determined within 
3 months prior to surgery. Healthy patients 
of either sex at least 40 years of age with no 
preoperative condition that would eon- 
found results were eligible for enrollment 
into the study. Only patients scheduled for 
unilateral, uncomplicated surgery were el- 
igible, thus eliminating patients having 
implantation replacement from enrollment 
in the study. A complete and detailed list of 
inclusion and exclusion criteria is included 
in the clinical report by the sponsoring drug 
company. Since the unoperated-on eye was 
used as a control, patients who, through a 
preoperative fluorophotometry examina- 
tion, demonstrated a 40% or greater differ- 
ence in fluorescein concentrations between 
their two eyes were not to be enrolled in the 
study. Patients agreeing to participate gave ` 
written informed consent. 

Patients were assigned by a computer- 
generated randomization schedule to one of 
four treatment groups: 1% prednisolone 
sodium phosphate, or 0.61% , 0.05%, or 0.1% 
diclofenac sodium ophthalmic solution. The 
treatment solutions were packaged in coded 
bottles and self-administered topically by 
the patient the day before surgery; one drop 
of study solution instilled every 6 hours for 
four doses during the 24-hour period prior 
to surgery. On the day of surgery, treat- 
ment was administered by a surgical nurse 
every half hour for four doses during the 2- 
hour period prior to surgery; one drop was 
given immediately postoperatively before 
bandaging and, beginning 24 hours after 
surgery, drops were continued one drop ev- 
ery 6 hours for four doses daily for 21 days 
(range, 17 to 25 days) after surgery. 
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Fluorophotometry was performed preop- 
erativery antat 1 week (5 to 10 days) and 3 
weeks (15 to 27 days) after surgery. Each 
patient was eral:y administered a capsule 
dose of 1 g of fluorescein sodium. Aqueous 
humor fluorescein concentrations were 
measured with a fluorophotometer (Fluo- 
rotren Master, Coherent Corp, Palo Alto, 
Calif). Readings were taken in both eyes 80 
to 180 minutes after ingestion of fluores- 
cein; 9E% to O8% of the measurements were 
taken within 90 to 150 minutes after inges- 
ticn preoperatively and at 1 and 3 weeks 
postoperatively. There were no significant 
differences ir the intervals between time of 
ingestion of fuorescein and time of mea- 
surement when comparing the randomized 
groups. 

Querchingof emitted fluorescence occurs 
with undiluted pasma owing to the protein 
content. However, with dilution this effect 
markedly diminishes. The protein content 
in the vitreous humor and anterior cham- 
ber is sufficiently low so that quenching of 
fluoreseence is net expected, even in mildly 
inflamed eyes.’ As mentioned in the inclu- 
sicn erteria, patients who preoperatively 
demonstratee a 10% or greater difference 
between their two eyes were not to be 
enrolled in the study. The between-eye dif- 
ferences (both preoperatively and postop- 
erativeiy) were calculated as follows: 
percent difference = (Flop — Flexor] / 
[FLuxosj X 100, where FLop is the fluores- 
cein concentratien (milligram per millili- 
teri in the overated-on eye and Fliusxop is 
that im the uneperated-on eye. Patients 
whose percent difference increased in the 
_ positive direetion after surgery thus dem- 
onstrated inereased fluorescein leakage in 
the operated-on eye as controlled by the 
unoperated-cn (control) eye. The increased 
leakage was attributed to the cataract sur- 
gery. Fluorescein leakage was expressed in 
terms ef a percent difference between eyes 
because of tae high variability of serum 
fluoreseein concentration and the fluores- 
cein concentration in the unoperated-on 
eye. This variability can be controlled by 
expressing the diference in fluorescein con- 
centrations between the two eyes as a per- 
centage of that in the unoperated-on eye, 
since both eyes equilibrate against the 
same serum concentration. Because the 








@ percent difference values generally are not 


normally distributed and often have ex- 
treme outliers, the ranks of these values 
were need in the analysis to compare treat- 
ment groups with respect to fluorescein 
leakage. This was done by ranking the per- 
cest differences between eyes preopera- 
tively and at each study period, then per- 
forming a ome-way analysis of covariance 
on the ranks at each study period,’ using 
treatment as the main effect comparison 
and preoperative fluorescein concentration 
as the covariate variable. 

We made tae following pairwise compar- 
isens within ihe framework of the one-way 
analysis of covariance using the Bonferroni 
method for multiple comparisons within 
each of the fcllowing two sets: (1) 0.01% di- 
elofenae vs 1% prednisolone; 0.05% di- 
clefenar vs 1% prednisolone; 0.1% di- 
clefenac vs 1% prednisolone; and (2) 0.01% 
diclofenac ve 0.05% diclofenac; 0.01% di- 
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Concomitant medications 
intercurrent medical problems 
Incorrect preoperative drug administration 
Visit out of range 
Surgery complications 

4 Posterior capsule ruptures 

1 Use of non-FDA-approved silicone lens * 
No baseline fluorophotometric reading 4 
No postoperative fluorophotometric reading 7 
>40% Difference between eyes preoperatively 2 

7 


mw GN O 










oncomitant medications 6 
intraocular pressure > 24 mm Hg 1 
Visit out of range 1 
>40% Difference between eyes preoperatively 2 
Total Exclusions 


*EDA indicates Food and Drug Administration. 


Treatment 
Deen em mmm deacon anemia 
Diclofenac Sodium 
1% Pradnisoione 
0.05% Sodium Phesphate 
Total No. of 
patients 34 | 


18 (53) 
16 (47) 


15 (52) 
14 (48) 


13 (43) 
17 (87) 





714.2 £ 114.3 


Range 46-88 45-98 48-85 .28ł 








) 


L eye 18 (60) 17 (50) 14 (48) Bi" 
Race, No, (%) 

wo 29 (97) 34 (100) 29 (100) 32 (10D) Sin 

B 1 (3) 0 (0) o (0) j .48* 









Visit 3 (1 wk} 


Mean + SD 7,6 + 1.4 7.9 = 1.4 7.2 + 1.3 7.7 Łż 3.3 t 

Range 6-10 8-10 5-10 6-10 24 
Visit 4 (3 wk) 

Meant SD 2062+ 3.1 21.82 30 20.3 + 4.0 213 + 2.7 


manninn irera ser e i eiaa aranna ra NaH ETHETE AA: 


16-27 


Range 16-27 











None 24 (80) 25 (73) 22 (76) 

Mid 2 (7) 5 (15) 2 (7) 

Moderate 2 (7) 3 (9) 4 (14) sag 
Severe 2 (7) 1 (3) 1 (3) 2 (6) .96¢ 









None 6 (20) 5 (15) 8 (28) a (2m) 

Mild o (0) o (0) 2 (7) (3 

Moderate 507) 1 (3) 1 (3) 8 (103 Meee 
Severe 19 (63) 28 (82) 18 (62) 18 (589 19¢ 











Mild 4 (13) 3 (9) 4 (14) s (19 
Moderate 9 (30) 9 (26) 6 (21) a (2% er 
Severe 3 (10) 6 (18) 6 (21) 3 (10 .97¢ 
* Fisher's Exact Probability. 
tBy one-way analysis of variance. 
By Wilcoxon Rank Sum Test. 
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clofenac vs 0.1% diclofenac; 0.05% di- 
clofenac vs 0.1% diclofenac. 


RESULTS 


A total of 184 patients were enrolled, 
but in three of these surgery was can- 
celled. Of the 181 who underwent sur- 
gery, 4 patients had no preoperative 
fluorophotometry data and their cases 
could not be evaluated. In addition, 23 
patients were excluded immediately 
after surgery because they had not met 
protocol inclusion-exclusion criteria. 
These patients had no postoperative 
fluorophotometrie results. Thus, there 
were a total of 154 cases that could be 
evaluated. Reasons for exclusions 
from evaluation are listed in Table 1. 
These 154 patients with fluorophoto- 
metric data will be called the total 
group. Of the 154 cases, a group of 124 
“acceptable” cases were divided into 
subsets based on the protocol inclu- 
sion-exclusion criteria and protocol 
adherence. The classification decisions 
were made prior to analysis of data 
and knowledge of treatment group or 
fluorophotometry results. There were 
no significant differences in numbers 
or types of exclusions among any of the 
treatment groups. Specific reasons for 
exclusion of the 30 cases from the ac- 
ceptable subset are also listed in Table 
1. In addition, a few acceptable pa- 
tients had certain visits excluded from 
this subset due to protocol violations. 
These violations were improper visit 
range and unacceptable timing of flu- 
orescein administration. Efficacy anal- 
yses were performed using the group 
and the acceptable subset. The results 
of the two analyses were comparable; 
therefore, the main context of this re- 
port focuses on the acceptable cases. 





Drug Used 





The fluorophotometric results of the 
total group are also summarized. 

Demographics by treatment group 
are presented in Table 2. The diclofen- 
ac-treated groups were comparable 
with prednisolone-treated patients. 
There were no significant differences 
among treatment groups with respect 
to sex, age, race, or type of cataract. 
There were also no significant differ- 
ences among treatment groups in in- 
tervals between surgery and postoper- 
ative visits. 

Since the protocol inclusion criteria 
ensured that all patients had no more 
than a 40% preoperative difference 
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between study and control eyes, all 
four groups had comparable (no sig- 
nificant differences among treatment 
groups) fluorescein concentrations 
preoperatively (Figure, Tables 3 
through 6). However, at 1 week after 
surgery, after controlling for back- 
ground fluorescein leakage with the 
unoperated-on eye, diclofenac-treated 
eyes were found to have significantly 
less fluorescein leakage than pred- 
nisolone-treated eyes at all three con- 
centrations of diclofenac in both the 
acceptable cases as well as the total 
group (Figure, Tables 3 and 6). In the 
acceptable cases, 50% to 69% of di- 





2 3 


Postoperative Weeks 


Line graph of median percent difference in fluorescein concentration between operated-on and 
unoperated-on eyes vs study visit for each treatment group. 


Preoperative * 













End Point Visit§ 


0.01% Diclofenac sodium n= 30 n= 28 n= 23 n= 30 
~~ Mean, % 0.66 56 31 40 
Median, % —3.0% 49 2i 23 
Range, % —32-38 ~ 44-208 —27-131 —27-208 
0.05% Diclofenac n= 34 n= 29 n= 24 = 34 
Mean, % 2.53 118 39 58 
Median, % 3.5 62 27 38 
Range, % —40-40 —8-1216 -55-195 —35-297 
9.1% Diclofenac n= 29 n= 26 n= 27 n= 29 
Mean, % 1.37 89 72 73 
Median, % 5.0 57 39 46 
Range, % i -28-40 -45-655 -35-761 -35-761 
1% Prednisolone sodium phosphate n= 31 n = 30 n= 26 n= 3] 
Mean, 5o 3.67 324 114 131 
Median, % 7.4 280 93 106 
Range, % —38-27 ~ 83-985 ~§4-369 —83-51 


“No Statistically significant differences among means by one 


tAil diclofenac groups had significantly smaller mean ranks than the predniscilone group. 


$The 0.01% and 0.05% diclofenac groups had significantly smaller mean ranks than the prednisolone group. 


§The 0.01% diclofenac groups had significantly smaller mean ranks than the prednisolone group. 
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-way analysis of variance on ranks using Bonferroni multiple comparison test. 
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clefenac-treated eyes had more than 
40% more fluorescein leakage in the 
operated-om eye compared with the 
control eye, while 98% of predniso- 
lone-treatec eyes had more than 40% 
more leakage (Table 4). In fact, 80% of 
prednisolone-treated eyes had 100% or 
more fluorescein leakage in the oper- 
ated-on eye than im the control eye, 
compared with 18% to 31% of eyes 
treated with varying concentrations of 


diclofenac. Diclofenac concentration 
groups were not significantly different 
from each other with respect to fluo- 
rescein leakage (Table 3). At 3 weeks 
after surgery, the 0.01% and 0.05% 
concentration diclofenac groups were 
found to have significantly less fluo- 
rescein leakage than the prednisolone 
group in the acceptable cases, although 
the differences were less marked than 
at 1 week. The end point (final avail- 


% of Cases 


EEEE e e ta AATE NEENA, 


1 wk Study Eye 
praua Noaeneaemae, 


>40% 


Treatment Higher 


Diclofenac sodium 
0.51% 
0.05% 
0.4% 

1% Predniscione sodium 
phosphate 













Significant postoperative comparisons at 1 wk 
0.01% Diclofenac vs 1% prednisolone 
0.05% Diclofenac vs 1% prednisolone 
0.1% Diclofenac vs 1% prednisolone 

Significant postoperative comparisons at 3 wk 

0.01% Diclofenac vs 1% prednisolone 

2.05% Diclofenac vs 1% prednisolone 


3 wk Study Eye 
’ meee | 
>40% => 100% 
Higher Higher 


= 100% 
Higher 


“These comparisons were made within an analysis of covariance model using the Bonferroni multiple com- 
parison method <Comparigons in the table were determined significant at the overall .05 level. The diclofenac 
used wae diclofenac sodium; prednisolone, prednisolone sodium phosphate. 


Drug Used Preoperative * 1 wkt 3 wkt 


6.0 Th Dicicienac sodium 
“Mean, By 
‘Median, % 
Range, %- 
0.05% Diclcienac 
Mean, % 
Median, “ 
Range, W 
0.1% Diclofenac 
Mean, % 
Median, % 
Range, W% 
1% Prednisa@lone sodiam phosphate 
Mean, % 
Median, % 


n = 40 


~417-233 
= AY 


n= 39 n= 33 
14 97 43 
5 58 2i 
~44-519 
n= 40 

115 

66 
—~8-1216 
n= 32 

87 

60 





* No statistically significant differences among means by one-way analysis of variance on ranks using Bon- 


teror multiple compariscn test. 


+All diclofenae groups had significantly smaller mean ranks than the prednisolone group. 
+The 0.01% diclofenacegroup had significantly smaller mean ranks than the prednisolone group. 
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able visit) analysis yielded similar re- — 
sults. In the total group 3 weeks after — 
surgery, only the 0.01% concentration 
diclofenac group was found to have 
significantly less fluorescein leakage 
than the prednisolone group. Signifi- 
cant treatment comparisons for the 
acceptable cases are listed in Table 5. 


CCMMENT 


The scope of this report was limited 
to the effect of varying concentrations 
of diclofenac sodium ophthalmic solu- 
tion vs prednisolene sodium phosphate 
on the reestablishment of the surgi- 
cally opened BAB (as measured by flu- 
orophotometry) fellowing cataract 
surgery with implantation of an in- 
traocular lens. 

The results of this study demon- 
strated that diclefenac ophthalmic so- 
lution was more effective than 1% 
prednisolone solation in reducing the 
surgically induced postoperative in- 
crease in fluorescein leakage and thus 
confirms the similar finding with ke- 
torolac tromethamine.? Whereas our 
original expectation was to find the 
topical NSAIDs to be as effective or 
slightly less effective than steroids, 
this demonstration of superiority is 
extremely promising given the known 
side effects of ocular steroidal agents.’ 
No differences in postoperative fluo- 
rescein concentratien were detected 
among the three concentrations of di- 
elofenac solution; thus, no optimal 
dose level could be determined. 


Analysis of the data was performed by the 
Center for Clinical Research, Chicago, I, which 
is funded by the American Society of Cataract and 
Refractive Surgery, Eairfax, Va, and private do- 
nations. 


References 


1. Havener WH. Corticasteroid Therapy: Ocu- 
lar Pharmacology. 4tE ed. St Louis, Mo: CV Mosby 
Co; 1978:143-174. 

2. Sanders DR, Kraff MC, Lieberman HL, Pey- 
man GA, Tarabishy 5. Breakdown and reestab- 
lishment of blood-aqaeous barrier with implant 
surgery. Arch Ophthedmek, 1982;100:588-590. 

3. Sanders DR, Kraf MC. Steroidal and non- 
steroidal anti-inflammatory agents. Arch Oph- 
thalmol, 1984;102:1455-1456. 

4. Flach AJ, Kraff MC, Sanders DR, Tanen- 
baum L. The quantitative effect of 0.5% ketorolac 
tromethamine solutien and 0.1% dexamethasone 
sodium phosphate sokatior on postsurgical blood- 
aqueous barrier. Arcs Opathalmol. 1988;106:480- 
483. 

5. Arale M, Sawa MN, Tzkase M. Topical furbi- 
profen and diclofenac suppress blood-aqueous 
barrier breakdown ir cataract surgery: a fluoro- 
photometric study. «pn < Ophthalmol. 1983;27: 
535-542, 

6. Sanders DR. Properties of fluorescein. In: 
Experimental and CEnical Assessment. Ann Ar- 
bor, Mich: University Microfilm International; 
1985:27-33. 

7. Conover WJ, Iman EL. Analysis of covari-. 
ance using the rank transformation. Biometrics. . 
1982;38:715-724. wee 





Diclcfenac—Kratt 












: Critical Evaluation of the Cocaine Test in 


_ the Diagnosis of Horner’s Syndrome 


3 Randy H. Kardon, MD, PhD; Chad E. Denison; Carl K. Brown, MS; H. Stanley Thompson, MD 


_ @ We evaluated the effectiveness of the 
_ cocaine test for diagnosing Horner's syn- 
_ drome. The test was administered to 119 
: patients with a diagnosis of Horner’s syn- 
drome and to 50 normal subjects. We 
_ compared the cocaine-induced anisocoria 
< in the two groups by measuring photo- 
graphs of the pupils. We found the cocaine 
test to be highly effective in separating 
normal subjects from patients with 
Horner’s syndrome. The chances of having 
Horner’s syndrome increased with the 
amount of cocaine-induced anisocoria. 
Through the use of logistic regression 
analysis, we determined the odds ratio of 
having Horner’s syndrome compared with 
-not having it for each 0. 1-mm increment of 
~ anisocoria measured after cocaine admin- 
istration. A postcocaine anisocoria value 
- of 0.8 mm gave a mean odds ratio of 
approximately 1050:1 that Horner’s syn- 
drome was present (lower 95% confi- 
< dence limit = 37:1). We found that simply 
measuring the postcocaine anisocoria 
provided a better prediction of Horner’s 
syndrome than taking the trouble to cal- 
culate the net change in anisocoria. Odds 
ratios should heip the clinician decide if 
the result of a cocaine test is indicative of 
Horner's syndrome. 

(Arch Ophthalmol. 1990; 108:384-387) 
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Not every patient with ptosis and 

miosis on the same side has 
Horner’s syndrome.' The cocaine test 
seems to be generally accepted as the 
“gold standard” for settling the mat- 
ter, but how good is the cocaine test? 
We began to ask this question when 
certain patients suspected of having 
Horner’s syndrome were tested and 
had only minimal increases in aniso- 
coria after topical cocaine administra- 
tion. 

There has been very little critical 
assessment of the cocaine test by com- 
paring patients with Horner’s syn- 
drome with normal subjects. In 1984 
Friedman et al’ reported the effect of 
10% topical cocaine applied to both 
eyes in 24 normal white volunteers. 
They concluded that “the development 
of anisocoria of more than 0.5 mm was 
necessary for the diagnosis of Horner’s 
syndrome.” 

In 1986, Van der Wiel and Van Gijn? 
compared the anisocoria produced by 
5% topical cocaine in 12 patients with 
confirmed Horner’s syndrome and 20 
normal subjects. They found that an 
anisocoria value of 1.0 mm or more af- 
ter cocaine administration was suffi- 
cient evidence for Horner’s syndrome. 

It is clear that specific guidelines are 
needed to predict whether a patient 
with a certain amount of cocaine-in- 
duced anisocoria will have Horner’s 
syndrome. We compared the anisoco- 
ria present after administering 10% 
cocaine drops in 50 normal subjects to 
that produced in 119 patients with 
Horner’s syndrome whose diagnosis 
was made on firm clinical grounds. The 
net change in anisocoria was also cal- 
culated by subtracting the baseline 
anisocoria value from the anisocoria 
value after administering cocaine to 





determine if this was a more informa- 
tive predictor of Horner’s syndrome. 
The odds of having Herner’s syndrome 
was then calculated according to ei- 
ther the amount of postcocaine aniso- 
coria or the change in anisocoria using 
logistic regression analysis. 


PATIENTS AND METHODS 


Fifty normal volunteers from our clinie 
were tested (the mean [+ SD] age was 
36 + 11 years; there were 21 male and 29 
female subjects). The legal requirements 
governing consent were followed. Subjects 
tested were predominantly from a white 
population (there was F black, 1 Oriental, 
and 1 Hispanic), as was our Horner’s syn- 
drome group (no black patients). This re- 
flects the general patient population in our 
location. One hundred nineteen patients 
with Horner’s syndrome seen during the 
past 15 years were seleeted for this study 
{mean[+ SD]age,49 + 19 years; 69 men, 50 
women). A diagnosis of Horner’s syndrome 
was based on the following: (1) the clinical 
history; (2) the absence of other causes of 
anisocoria or ptosis; (2) the presence of 
ptosis and miosis on the same side; and (4) 
dilation lag‘ of the involved pupil. Dilation 
lag was confirmed either by photography‘ 
or by infrared video recording.* 

Cocaine (cocaine hydrochloride, 10% so- 
lution, one to two drops) was administered 
to each eye. Polaroid photographs were 
taken in light (approximately 20 foot-can- 
dles) before the drops were administered 
and 50 to 60 minutes later, using either the 
Loewenfeld-Rosskothen camera’ or a Po- 
laroid CU-5 flash camera (Polaroid Corp, 
Cambridge, Mass).5 

Pupil diameters were measured to the 
nearest 0,1 mm from the photographs with 
the aid of a 3:1 loupe magnifier with grati- 
cule. Postcoeaine anisoceria was measured 
in patients with Horner’s syndrome by 
subtracting the pupil diameter of the af- 
fected eye from that of the normal eye. The 
absolute value of the postcocaine anisocoria 
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was recorded for the normal subjects with- 
out bis ioe to side. 

anisocoria bere the cocaine E 
tion conferred additional predictive value 
to the test, we alse calculated the change in 
anisccoria after the cocaine was adminis- 
tered, The change in anisocoria was calcu- 
lated for patients with Horner’s syndrome 
by subtraeting the baseline anisocoria 
value (normal pupil minus involved pupil) 
from the aniscroria value after the cocaine 
was administered. If there was less aniso- 
coria after the cscaine was administered, 
the change in asisocoria was considered 
negative. If the enisocoria increased after 
administering the cocaine, the change in 
anisocoria was considered positive. In nor- 
mal subjects, ~he-baseline anisocoria value 
was determined by subtracting the diame- 
ter of the left-pupil from that of the right 
pupil. The change in anisocoria was calcu- 
lated im the same way as was done for the 
patients with Horner's syndrome. The mea- 
surement error was determined by compar- 
ing the change ir anisocoria measured and 
calculated by twe observers; the mean dif- 
ference between the calculations was 0.1 
mm. 

A logistic regression analysis’ of our data 
was used to determine the odds ratio 
(+95% confidenee limits) of Horner's syn- 
drome to a precision of 0.1 mm for both the 
postcecaine amisccoria and the net change 
in anisecoria. The reliability of the regres- 
sion analysis based on our sample, was ex- 
amined by caiculating the probability of a 
correct. ranking of a normal, abnormal pair 
(ie, the area under the corresponding re- 
ceiver-eperator curve) with the standard 
error of the mean calculated according to 
Hanley and McNeil’ 

The true probability of Horner’s syn- 
drome in a gtvea patient cannot be accu- 
rately estimated based on the results of his 
or her cocaine test alone because the prev- 
alence of Horner’s syndrome in our popula- 
tion is not knewn. Therefore, the predicted 
probability of having Horner’s syndrome 
cannot be accurately determined from lo- 
gistic regression analysis in our case-con- 
trol study. However, the ratio of the inci- 
dence of Horner’s syndrome to the inci- 
dence of not kaving Horner’s syndrome can 
rived. Tais is known as the odds ratio. 
Inour case-control study, the odds ratio 
ean be calculated from the probabilities of 
having a certaim degree of anisocoria after 
the sean a administered eee on 












tie of t he a ET as quoted by 
Bresiow and Day™®: “The ratioof disease in- 
cidences, as approximated by the odds ratio 
of the corresponding risks, can be estimated 
from a case-control study even though the 
latter provides no information about the 
absolute magnitude of the incidence rates 
in the subgroups.” We calculated the odds 
ratio (of having Horner’s syndrome to not 
having Horner’s syndrome) based on the 
cocaine test to be used as a guide in helping 
to dee:de whether a patient had a sympa- 
thetic deficit. 
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Fig 1.—Frequency distribution for anisocoria measured 60 minutes after cocaine was adminis- 
tered in 50 normal subjects (black bars) and 119 patients with Horner's: synereme (shaded bars). 
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Fig 2.—-Frequency distribution for the net change in anisocoria in norma: sutsects (black bars) and 
patients with Horner’s syndrome (shaded bars). The change in anisocosia was calculated by sub- 
tracting the initial baseline anisocoria value from the anisocoria value after cocaine was admin- 
istered. A negative change in anisocoria in normal subjects signified thatthe initial anisocoria value 
decreased after the cocaine was administered (ie, the pupils became morezequal or the anisoco- 


ria reversed). 


RESULTS 

The frequency distribution for the 
postcocaine anisocoria showed a good 
separation of the normal subjects and 
the subjects with Horner’s syndrome, 
except for a small region of overlap 
(Fig 1). The largest postcocaine aniso- 
coria value found in the normal group 
was 0.9 mm. We retested this subject 1 
week later and found the same result. 
He did not wear contact lenses and 
showed no ptosis, dilation lag, or an- 
hidrosis, and he was not a migraineur, 
so it seems unlikely that this patient 
had Horner’s syndrome. In the 
Horner’s group, the smallest postco- 
caine anisocoria value was 0.3 mm. 

The range and SD for postcocaine 
anisocoria was greater in the patients 
with Horner’s syndrome than in the 
normal subjects (Fig 1). This may 
indicate that the clinical signs of 


Horner’s syndrome can be visible 
when damage totheoculosympathetic 
pathway is incomplete. Partial dam- 
age could be expected to cause only a 
partial cocaine mydriasis: for example, 
a 75% loss of tae sympathetic fibers 
might be expected te produce less my- 
driasis in the affected eye than a 25% 
loss of fibers. 

Figure 2 shows tha frequency distri- 
bution among nermal subjects and pa- 
tients with Horner's syndrome for a 
net change in anisecoria, taking the 
baseline anisoccria into account. This 
method resultec in-a definite separa- 
tion between the two groups, but an 
even clearer separatien was obtained 
by simply measnrizg the postcocaine 
anisocoria (Fig 1). 

Because our normal population was | 
not matched ta the patients. with 
Horner’s syndrome according to age or 
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Relative Odds of Horner’s Syndrome, 
+ 95% Confidence Bands 
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Fig 3.—The relative odds of having Horner’s syndrome are plotted 
against the amount of postcocaine anisccoria. The estimated upper and 
lower limits for the 95% confidence interval are indicated by the broken 


lines. 
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*This is the mean odds that the patient has 
Horner's syndrome. 

tThis is the estimated lower 95% confidence inter- 
val for the mean odds that a patient has Horner's 
syndrome. 


sex, we compared the amount of co- 
caine dilation in the 50 normal sub- 
jects with the amount of pupillary di- 
lation from the normal eye in the 119 
patients with Horner’s syndrome. The 
mean (+SD) dilation (change in diam- 
eter) in the normal group was 
1.84 + 0.8mm (1 SD) and was not sta- 
tistically significant (Student’s t test) 
from the mean dilation (1.96 + 0.8mm) 
in the normal eye in subjects with 
Horner’s syndrome. The frequency 
distributions were similar in appear- 
ance. Thus, from the standpoint of pu- 
pillary responsiveness to cocaine, the 
two groups were comparable. 

The calculated relative odds of hav- 
ing Horner’s syndrome are shown as a 
function of the amount of anisocoria 
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Fig 4.--The relative odds of having Horner's syndrome are plotted 


present after cocaine is administered 
(Fig 3). The mean odds of having 
Horner’s syndrome (and a 95% confi- 
dence limit) can be determined for any 
specific amount of anisocoria mea- 
sured 50 to 60 minutes after cocaine is 
administered in a given patient. This 
information is also given in the Table. 
For example, an anisocoria value of 
1.0 mm following cocaine testing would 
yield a mean odds of 6000:1 of having 
Horner’s syndrome (lower 95% confi- 
dence level = 92:1). 

Therefore, when cocaine drops are 
placed in both eyes of a patient with 
Horner’s syndrome, the resulting an- 
isocoria after 60 minutes is so dra- 
matic that the characteristic pupillary 
inequality of Horner’s syndrome, 
present before the drops are used, may 
be disregarded. Using the same logis- 
tic regression procedure, we found that 
the net change in anisocoria (calculat- 
ed by subtracting the baseline aniso- 
coria value from the postcocaine an- 
isocoria value) did not confer any 
greater power to the cocaine test for 
distinguishing between normal and 
abnormal subjects (Fig 4). In fact, the 
change in anisocoria was not quite as 
informative as using the postcocaine 
anisocoria value alone. 


COMMENT 


We have evaluated the effectiveness 
of the cocaine test for diagnosing 
Horner’s syndrome by ascertaining 
the odds ratio based on the amount of 
postcocaine anisocoria using logistic 
regression analysis. This statistical 


against the net change in anisocoria after cocaine is administered 
(baseline anisocoria value subtracted from the postcocaine anisocoria 
value). The estimated 95% confidence interval for the mean odds is in- 
dicated by the broken lines. 


method is useful if a test result can be 
obtained in both a normal population 
and in a representative patient popu- 
lation having the disorder to be stud- 
ied. The steepness of the resulting odds 
plot reflects the power of a given test in 
separating normal subjects from those 
with the disease. The 95% confidence 
interval of the odds plot reflects the 
variability of the test result in the two 
groups as well as the sample size. 

Using this method, we have calcu- 
lated the odds of a given patient hav- 
ing Horner’s syndrome based on the 
amount of anisocoria induced with co- 
caine drops. This information is useful 
because it gives the clinician a “ruler” 
with which to measure the power of a 
given cocaine test result as a diagnos- 
tic sign of Horner’s syndrome. The 
calculation of the odds ratio based on 
our data would be most applicable in a 
tertiary care center where patients 
suspected of having Horner’s syn- 
drome (ie, ptosis and miosis) are re- 
ferred. We found that measuring the 
anisocoria present after cocaine ad- 
ministration is slightly better at pre- 
dicting the presence of Horner’s syn- 
drome than measuring the net change 
in anisocoria. Therefore, for the pur- 
poses of diagnosing Horner’s syn- 
drome using cocaine testing, the base- 
line anisoecoria value can be disre- 
garded. 

A number of assumptions are neces- 
sary if we are to accept our odds 
guidelines as an accurate predictor of 
the presence of Horner’s syndrome. 

The control group should demon- 
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strate. a‘ “representative” response to 
cocaine. Altkosgh our 50 normal sub- 
| jects were net.age or sex matched to 

our 119 patierts with Horner’s syn- 
a aig ae ne of the normal sub- 





same amount es the unaffected eye in 
the patients wth Horner’s syndrome 
(see the “Reswts” section). This pro- 
vided evidence:that the normal group 
was well matcaed with respect to the 
testing conditions and responsiveness 
to cocaine. 

We must be certain that those iden- 
tified as having Horner’s syndrome 
truly did hawe it. Certainty is often 
difficult, especialy when the test being 
evaluated has >reviously been consid- 
ered the gold ssandard for the diagno- 
| ‘sis. Fortunatel, there are enough clin- 
ical signs in Siorner’s syndrome so 
‘that, taken tegether, it was possible to 
make: a firm dagnosis independent of 
the cocaine tert. We used the clinical 
history and th= presence of ptosis, mi- 
osis, amd dilatien lag as criteria for 
making the diagnosis of Horner’s syn- 
drome. 

The patient group identified as hav- 
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ing the disease should provide a good 
sampling and approximation of the 
population of patients with Horner's 
syndrome likely to be encountered. We 
were fortunate enough to have had 
a large number of patients with 
Horner’s syndrome referred to us for 
evaluation. We do not believe that this 
referral population is unduly biased 
with respect to the cause or location of 
the lesion in Horner’s syndrome. 
Friedman et al? noted that the pupils of 
many black patients dilated poorly 
with cocaine. It should be emphasized 
that our series of patients with 
Horner’s syndrome did not include a 
single black patient. Since this group is 
known to demonstrate poor mydriasis 
to cocaine, our results may not be ap- 
plicable for diagnosing Horner’s syn- 
drome in people with heavily pig- 
mented irides. 

In accepting these assumptions, we 
believe that the odds ratio guidelines 
provided can help identify the patient 
with oculosympathetic paresis on the 
basis of the amount of anisocoria pro- 
duced by the cocaine test. Using the 
Table provided, the odds of the patient 
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having Horner’s syndrome can be as- 


certained by knowing the final aniso- — 


coria value after cocaine is adminis- 
tered (baseline value disregarded). 
Thus, we find ourselves in general 
agreement with Van der Wiel and Van 
Gijn, who found thet a postcocaine 
anisocoria value of at least 1.0 mm is 
required to make the diagnosis of 
Horner’s syndrome. Tae cocaine test is 
just one of the indicators of Horner’s 
syndrome; in the absence of other 
characteristic signs, agiven amount of 
postcocaine anisoeoria does not make 
the diagnosis of Horner’s syndrome. 
However, knowing the odds value with 
a 95% confidence limit helps put the 
clinical decision of whether a patient — 
has Horner’s syndrome on firmer -` 
ground. 
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Management of Congenital Lacrimal Sac Fistula 


Lee D. Birchansky, MD; Jeffrey A. Nerad, MD; Robert C. Xersten, MD; Dwight R. Kulwin, MD 


è Fourteen patients who were treated 
for symptomatic congenital lacrimal sac 
_ fistula were retrospectively reviewed to 
_ evaluate surgical success. Excision of the 
fistula alone was performed on 9 patients 
and excision with nasolacrimal intubation 
on 5 patients (to our knowledge, the latter 
has not been previously described in the 
- English literature). None of the 14 patients 
were symptomatic postoperatively during 
a mean follow-up of 16 months, with a 
‘range from 3 to 39 months. We conclude 
that dacryocystorhinostomy is usually not 
necessary to successfully treat symptom- 
_ atic congenital lacrimal sac fistula. 
(Arch Ophthalmol. 1990; 108:388-390) 


Jn 1675, the first description of con- 

genital lacrimal sac fistula was re- 
ported by Rasor.' In 1841, Von Ammon? 
reported an additional case. Since 
then, many cases have been described 
in the literature. 

Congenital lacrimal sac fistula is a 
rare developmental condition in which 
an epithelial-lined fistulous tract con- 
nects the skin to the common canalic- 
ulus and, in some instances, to the lac- 
rimal sac.’ At times the tract may be 
incomplete, ending blindly in the sub- 
cutaneous tissue near the lacrimal 


_ sac” A congenital lacrimal sac fistula 


is usually asymptomatic and nonpro- 
gressive, being noticed shortly after 
birth.’ The fistula may easily be over- 
looked, especially if the patient is 
asymptomatic, because it is small and 
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there is nc contrasting skin pigmenta- 
tion to aceentuate it (Fig 1). Most fis- 
tulas are wnilateral.’ 

The location is characteristically 
just inferenasal to the medial canthal 
angle.’ While most fistulas are asymp- 
tomatic, some patients present with 
clear mucwid fluid at the fistula’s os- 
tium (Fig 2). Fluid may also be ex- 
pressed wth digital pressure on the 
sac. In our experience, the nasolacri- 
mal systern is usually patent. 

The incidence of congenital lacrimal 
sac fistula is estimated to be 1 in 2000 
births’ and occasionally is familial, 
appearing to have autosomal domi- 
nant inheritance.*’ There does not ap- 
pear to bea sex or race predilection. 
Usually there are no associated con- 
genital systemic anomalies, although 
an association with preauricular fis- 
tula has been described.** 

The embryogenesis of the normal 
nasolacrimal system hes been de- 
scribed by Cassady.’ The aasolacrimal 
passageway begins as a thickening of 
the ectoderm in the naso-optic fissure 
in the 7-mm, 32-day-old embryo. This 
becomes buried in the mesenchyme 
between the lateral nasal process and 
the maxillary process in the 12-mm, 
42-day-old embryo. It then extends 
cephalad, sorming the canaliculi and 





se 


36-mm, 60-<day-old embryo, progress- 
ing caudad. The puncta are patent at 
the seventh fetal month, while the di- 
stal nasolacrimal duct is patent in less 
than 30% ef infants at birth.’ 

The pathogenesis of congenital lac- 
rimal sac ästula is uncertain. Duke- 
Elder’ suggests the following explana- 
tions: (1) an overdevelopment or out- 
budding of the lacrimal duct; (2) 
incomplete: closure of the embryonic 
facial fissure; (3) an abnormality of 
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amniotic bands; and (4) a primary de- 
velopmental arrest with secondary in- 
flammation. Capute et al!° suggest a 
failure of the surface ectoderm to fuse 
after invagination of the epithelial 
cord. 

Examination by light microscopy 
shows that the congenital lacrimal sac 
fistula is generally similar to that of a 
normal canaliculus being lined by 
stratified squamous epithelium.’ Ac- 
cording to Masi,” stratified squamous 
epithelium in the external part of the 
fistula and cubical epithelium near its 
connection with the lacrimal sac can 
also be found. 


PATIENTS AND METHODS 


The charts of all patients with the diag- 
nosis of congenital lacrimal sac fistula in 
the practices of three of us (J.A.N., R.C.K., 
and D.R.K.) were reviewed. We identified 14 
patients who underwent surgical treatment 
for symptomatic epiphora or mattering. 
Current follow-up information was ob- 
tained either by office visits or telephone 
interviews. 


SURGICAL TECHNIQUE 


Surgery is performed with the patient 
under local or general anesthesia depend- 
ing on the anticipated level of patient coop- 
eration. The area surrounding the fistula is 
infiltrated using local anesthestic with epi- 
nephrine. The fistula is probed with a 0 
Bowman lacrimal probe to the lacrimal sac. 
A second probe may be inserted into the 
lower canaliculus and lacrimal sac. A fusi- 
form incision is made around the ostium. 
Westcott scissors are used to dissect out the 
fistula, identification being aided by the 
lacrimal probe within it (Fig 3). The probe 
is removed and a 5-0 viery] ligature is placed 
around the tract and tied at the base of the 
fistula. The fistula is excised, and the stump 
may be cauterized. To ensure that the 
nasolacrimal system is not compromised, 
the canaliculi are probed and the nasolac- 
rimal system is irrigated. If a nasolacrimal 
duct obstruction is suspected preoperative- 
ly, or noted at the time of surgery, a silicone 





stent is placed. The incision is closed in the 
usual fashion. 


RESULTS 


All 14 patients had fluid draining 
from the fistula since birth. None of 
the patients had a family history of 
fistula. The age at the time of surgery 
ranged from 20 months to 60 years. 
There were 10 male patients and 4 fe- 
male patients. Six fistulas were located 
on the right side, seven on the left side, 
and one was bilateral. All fistulas were 
located inferonasal to the medial can- 
thal angle. 

One patient had associated systemic 
anomalies, including bilateral fistulas, 
an absent right superior punctum, a 
persistent hyaloid artery, entropion, 
hyperepia, congenital glaucoma, ab- 
sent corpus callosum, pharyngeal dis- 
motility, obstructive apnea, cleft pal- 
ate, dub feet, limb abnormalities, 
thoracic kyphosis, and a balanced 
translocation ef 6p and 13q. 

One patient had had previous lacri- 
mal surgery. The surgeon performing 
the original surgery had excised and 
closed the ostium of the fistula, but did 
not excise the fistulous tract. 

Excision alone was performed on 
nine patients who showed no evidence 
of nasolacrimal obstruction. Excision 
in conjunction with nasolacrimal in- 
tubation with a silicone stent was per- 
formed on five patients who showed 
evidence of obstruction at the valve of 
Hasner as demonstrated by difficult 
irrigation at the time of operation. 

Follow-up ranged from 3 months to 
39 months, with mean follow-up of 16 
months. In patients in whom intuba- 
tion was performed, removal of the 
stent was carried out 9 months post- 
operatively, except in 1 patient who 
accidentally pulled out the stent 3 days 
after surgery. Follow-up after stent 
removal was fer at least an additional 
3 months. None of the 14 patients were 
symptomatic at the time of last follow- 
up. 

Tissue specimens from three pa- 
tients were examined by light micros- 
copy. Two showed keratinized strati- 
fied squamous epithelium, adnexal 
structures, and hair follicles. One con- 
sisted of nermal skin structures with 
subepidermal fibrosis. 


COMMENT 


Congenital lacrimal sac fistula is an 
uncommon developmental defect. It is 
in contrast to acquired lacrimal fis- 
tula, which results from an eruption of 
infection of the lacrimal sac due to ob- 
struction of the nasolacrimal system. 
The condition and its treatment have 
primarily been described in the Euro- 
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Fig 1.—The congenital lacrimal sac fistula (arrow) is characteristically located just inferonasal to 
the medial canthal angle and may easily be overlooked, especially if the patient is asymptomatic. 





Fig 2.—While most fistulas are asymptomatic, some patients present with clear mucoid fluid at 
the fistula’s ostium. Fluid may also be expressed with digital pressure on the sac. 


al S, 





Fig 3.—The fistulous tract has been dissected out with Westcott scissors, identification being 


aided by the lacrimal probe within it. 
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pean and British literature. To our 
knowledge, there has been no con- 
‘trolled study to compare treatment 
‘options. Various authors have sug- 
gested appropriate treatment based on 
limited experience. 
<: Previous modalities discussed in the 
literature to treat symptomatic fistula 
` range from nasolacrimal duct probing, 
_ cauterization of the external ostium, 
or surgical excision to surgical exci- 
. sion combined with dacryocysto- 

rhinostomy.’ Cautery is mentioned as 
-a mode of treatment in the early liter- 
ature, but it is usually unsuccessful > 
_ Excision has been advocated based on 
~ a small number of case reports.*!° 
=> Welham and Bergin? (who had the 
largest series, consisting of 21 pa- 
tients) recommended dacryocystorhi- 
~nostomy with common canalicular dis- 
- section, fistula excision, and nasolacri- 
mal intubation. This method resulted 
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in a functional success rate of 95% on 
21 eyes (13 eyes had distal obstruction 
preoperatively). 

We feel that symptomatic congeni- 
tal lacrimal sac fistulas are suecess- 
fully treated with excision alone or ex- 
cision with nasolacrimal intubation. 
The need for intubation should be de- 
termined by the presence or absence of 
associated distal nasolacrimal duct ob- 


_ struction. As part of the preoperative 


evaluation of the symptomatic patient, 
the patency of the nasolacrimal sys- 
tem should be determined. In adults, 
this can be accomplished by dye disap- 
pearance and irrigation testing. A 
dacryocystogram may be useful to 
identify other anatomic abnormali- 
ties. In children, only the dye disap- 
pearance test may be possible. The 
majority of our patients had no naso- 
lacrimal obstruction and fared very 
well with excision alone. In those pa- 
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tients with nasolacrimal obstruction, 
treatment by excision with nasolacri- 
mal intubation provided a cure. We 
believe that dacryocystorhinostomy 
should be considered only if the afore- 
mentioned treatment sequence fails. 

To our knowledge, our study com- 
prises the largest series of patients 
presented in the English literature 
with congenital lacrimal sac fistula 
treated by excision alone or excision 
with nasolacrimal intubation. We con- 
clude that most cases of symptomatic 
congenital lacrimal sac fistula can be 
successfully treated without the need 
for dacryocystorhinostomy. We rec- 
ommend performing an excision alone 
in patients who do not have a nasolac- 
rimal obstruction. If nasolacrimal ob- 
struction is present, excision in con- 
junction with nasolacrimal intubation 
should be performed. 
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1erimal Duct Obstruction After 


Endos: opic Sinus Surgery 


Christian L. Serdahl, MD; Craig E. Berris, MD; Richard A. Chole, MD, PhD 


è Intranasa: ersdoscopic sinus surgery 
has several sctential ocular complica- 
tions, includirg visual loss, diplopia, ret- 
robulbar hemorrhage, and epiphora. We 
treated aight satients with persistent na- 
solacrimal duct obstruction after endo- 
scopic sinus surgery. All patients required 
dacryocystorfirostomy to achieve a 
patent lacrimal system drainage. To our 
knowledge, thoss a previously unreported 
complication in che ophthalmologic litera- 
ture. The ralevact anatomy of the nasolac- 
rimai duct is diecassed in addition to sur- 
‘gical procedures for avoidance and treat- 
ment of iatrogenic injury to the system. 
Endosccpic sinse surgery is a highly suc- 
cessful procedere that is rapidly gaining 
popularity amoeq otclaryngologists. As 
the number cf patients undergoing this 
type of surgeryincreases, an increase in 
the relative number of ocular complica- 
tiors should be-anticipated. 

(Arch Ophtkamol. 1990; 108:39 1-392) 





sinus surgery, intro- 
Paay in tle United States during 
the past 10 years, has gained rapid ac- 
ceptance amoag many otolaryngolo- 
gists. One reason for the rapid increase 
in endoscopic sinus procedures is the 
need for safe Fut extensive intranasal 
sinus surgery This technique has a 
number of adwantages over more tra- 
ditional sinus Jrainage procedures be- 
cause it treats esteomeatal obstruction 
under direct vsualization. It is widely 
believed that csteomeatal dysfunction 
in the middle meatus, causing im- 
paired sinus dzainage, leads to chronic 
-ethmoidal sinusitis.'° 
_ Surgeons Lave previously reported a 
number of cemaplications associated 
with endoseoom surgery, including 
cerebrospinal fluid leak, temporary 
and permanere blindness, retrobulbar 
hemerrhage, and diplopia.*° Transient 
nasolacrima. «uct (NLD) obstruction 
has been reperted after more tradi- 
tional Caldwel-Lue and antral win- 
dow precedures.’ These were believed 
to be due to msevertent trauma to the 
distal orifice oz the NLD (valve of Has- 
ner) during peacement of nasoantral 
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windows. We describe lacrimal duct 
obstruction occurring proximally to 
the valve of Hasner after endoscopic 
surgery of the middle meatus in eight 
patients. We also discuss methods for 
diagnosis and treatment of NLD ob- 
struction. 


PATIENTS AND METHODS 


In addition to routine ophthalmologic 
and nasal examination, all patients under- 
went evaluation of lacrimal system drain- 
age by Jones I or Jones IH testing. The Jones 
I test was accomplished by first instilling 
fluorescein dye into the fornices. No recov- 
ery of fluorescein on a cotton swab placed 
under the inferior or middle turbinates in- 
dicated possible obstruction. The Jones H 
test involved irrigating the nasolacrimal 
system with fluorescein. Reflux of dye 
through the opposite punctum localized the 
obstruction to the inferior portion of the 
system. The obstruction was considered 
complete if no dye was recovered from be- 
neath the inferior turbinate or the middle 
meatus. 

The eight cases reported here were all 
referred for evaluation of epiphora over the 
course of 18 months. The Table summarizes 
the data for each patient. Ages ranged from 
31 to 62 years. History was obtained from 
the primary surgeon’s operative and clini- 
cal notes. All patients were diagnosed and 
treated for sinusitis, and endoscopic sur- 
gery was then performed on all patients. 
Three patients also underwent septoplasty. 
Time from the initial surgery to dacryocys- 
torhinostomy (DCR) ranged from 3 months 
to 2 years, with one patient scheduled for 
DCR at the time of this writing. Six of the 
eight patients complained of epiphora im- 
mediately following the initial procedure. 
The other two subjects noted the onset of 
epiphora from 1 to 2 weeks after surgery. 









*DCR indicates dacryocystorhinostomy. 


Endoscopic Initial Procedure 
Age, y Problem Procedure Procedure to DCR* 

37 Severe pressure Septoplasty, endoscopic Immediate 4 mo 
and allergies sinusotomy 

44 Deviated septum, Endoscopic nasoseptal Iimmediatey 8 mo 
sinusitis reconstruction, nasoantral 

windows 

31 Sinusitis, Septoplasty, 2 wk 3 mo 
vertigo endoscopic sinusotomy 

38 Sinusitis Endoscopic sinusotomy immediatety 7 mo 

60 Nasal polyps, Septopiasty, endoscopic 1 wk 2y 
septal deformity sinusotomy 

62 Sinusitis, Bilateral endoscopic Immediately ly 
nasal polyps pansinusotomies 

59 Sinusitis Endoscopic sinusotomy immediatey 2y 

43 Sinusitis Endoscopic sinusotomy 





All seven subjects whe underwent DCR 
noted a resolution of their epiphora. 


COMMENT 


Epiphora is a particularly trouble- 
some problem for which patients rou- 
tinely seek ophthalmologic consulta- 
tion. Evaluation of this condition 
should always begin with a thorough 
history and complete eye examination. 
Blepharitis, conjunctivitis, trichiasis, 
punctal eversion, chronic dacryocysti- 
tis, and foreign bedies are among the 
common causes of tearing and can be 
diagnosed using the slit lamp. Less 
frequently seen causes include tumors, 
trauma, and developmental anoma- 
lies. Iatrogenic NLD obstruction fol- 
lowing endoscopie simus surgery is a 
complication that-can. be diagnosed, or 
at least suspected, on the basis of a 
good medical history. 

Knowledge of the precise anatomy of 
the nasolacrimal system is essential in 
avoiding iatrogenic injury during en- 
doscopic surgery. The nasolacrimal sac 
lies between the anterior and posterior 
crus of the mecial canthal tendon 
within the lacrimal fossa. Medial to 
the sac is the middle meatus of the na- 
sal cavity, separated by the thin lacri- 
mal bone and frental process of the 
maxillary bone. The NLD descends to 
its opening in the nose located beneath 
the inferior turbinate. The interosseus 
portion of the duct passes slightly lat- 
eral and posterior anc measures about 
12 mm in length (Figure, A). In the 
middle meatus, the distance between 
the NLD and the maxillary ostium 
varies from 3 to € mz. 


Onset After Time From 






















Immediately _ 














Maxillary Sinus 


Nasolacrimail Duct 






“Back-biting’ Forceps 





a z TO Ks 


ni ve 
“ay Tine 
= 





Bulla 
Ethmoidalis 
Removed 


Opening Into 
Maxillary Sinus 






Hiatus Semiiunads 


Middie Turbinate 


Inferior Turbinate 


Anatomical relationships of the maxillary sinus to the nasolacrimal duct. A, Nasolacrimai duct (dotted lines) passes anterior 
to the hiatus semilunaris in the wall of the middle meatus. B, View from below showing proposed mechanism of injury to the 
nasolacrimal duct by back-biting forceps during enlargement of the maxillary ostium. C, Lateral view showing close proximity 
of nasolacrimai duct (dotted lines) during endoscopic surgery. 


The NLD has always been at risk 
- during intranasal surgical procedures 
~on the ethmoid sinuses.’* Current 


< techniques utilizing endoscopy in the 


middle meatus have expanded the 
scope of intranasal sinus surgery and 
have placed certain anatomic sites at 
greater risk. Prior to the use of nasal 
endoscopes, ventilation of the maxil- 
lary sinus was usually accomplished 
by making an opening from the infe- 
rior meatus into the maxillary sinus; 
in that procedure, the NLD was usu- 
ally not at risk since it opens high in 


<- the inferior meatus. Newer techniques 


- have popularized the concept of en- 
~~ largement of the physiological opening 


: into the maxillary sinus within the 


-middle meatus under the middle tur- 
binate (Figure, B). By enlarging the 
maxillary ostium anteriorly with a 
“back-biting” forceps, the thick bone 
surrounding the lacrimal duct may be 
removed and the duct damaged (Fig- 
ure, C). It is likely that vigorous ante- 
rior enlargement of the middle meatus 
is cause for NLD obstruction in this 
series of patients. 

Authors have previously suggested 
that most injuries to the NLD occur- 
ring during endoscopic surgery “would 


392 Arch Ophthalmo!l—Vol 108, March 1990 








probably heal spontaneously.’ We re- 
port here persistent NLD obstruction 
seen up to 9 months after surgery. 
Once persistent epiphora is recog- 
nized, several options for DCR are 
available. We recommend a conjuncti- 
val approach to the lacrimal sae, 
thereby leaving no visible scars. 

In a review by Kennedy et al’ of 117 
middle meatal antrostomies, no cases 
of cerebrospinal fluid leak, diplopia, 
visual loss, or retrobulbar hemorrhage 
were reported. The only complications 
reported were 2 cases of epiphora. In 1 
of these it was stated that obstruction 
occurred after silver nitrate cautery of 
adhesions in the middle meatus post- 
operatively. In the other case it was 
suggested that the NLD had been trau- 
matized during surgery. 

Nasolacrimal duct obstruction may 
occur after surgical procedures on the 
middle meatus and maxillary sinus 
ostium. Duct injury probably occurs by 
vigorous anterior enlargement of the 
ostium with back-biting forceps. We 
recommend (1) that anterior enlarge- 
ment of the maxillary sinus ostium be 
limited to the thin lamellar bone of the 
anterior lateral wall of the middle me- 
atus and bone removal not be extended 


anteriorly into the thick cortical bone 
surrounding the nasolacrimal duct, 
and (2) that any new patient present- 
ing with epiphora be questioned re- 
garding previous sinus disease and 
surgery. 
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Racial Comparison 


tive Regional Structure of the 


Normal Human Lamina Cribrosa 


Lalit Dardona, MD, MPH; Harry A. Quigley, MD; Andrew E. Brown; Chery] Enger, MS 


_ @ We digitized magnified photographs 
of cross-sections of the laminae cribrosae 
of 16 normal subjects 50 or more years of 
age. The sampile included 7 blacks and 9 
age-matched whites. Connective tissue 
4 area as apropertion of the lamina cribrosa 
" area was:signiticaatly less and pores were 
significantly larger in the superior and in- 
ferior than in the nasal and temporal quad- 
rants of the lamina cribrosa. These differ- 
ences were mare pronounced for periph- 
eral as compared with central regions of 
the amina cribrosa. Less connective tis- 
sue support for nerve fibers in the superior 
and inferior quadrants of the optic nerve 
head could contribute to their greater sus- 
ceptibility to glaucoma damage by allow- 
ing greater distortion of these regions at 
elevated intraccular pressures. The least 
connective tissue support was present in 
the inferoperipheral region of the lamina 
cribrosa, which may be related to the 
frequency of superior visual field 
fects in glaucoma. Blacks had larger to- 
tallamina cribrosazarea, indicating a larger 
‘ optic nerve head, and also a greater num- 
ber ofiarsinar pores than whites. However, 
the connective tissue proportion and pore 
size distribution: ia the laminae cribrosae 
of blacks were:almost identical to those of 
whites. We found no evidence suggesting 
that the greater susceptibility of blacks to 
glaucoma damage is due to less connec- 
tive tissue support for nerve fibers passing 
through their laminae cribrosae than in 
whites. 
_ (Arch Ophthalmol. 1990; 108:393-398) 
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resent evidence indicates that the 
site of damage to the retinal gan- 
glion cell axons in glaucoma is the 
lamina cribrosa of the optic nerve head 
at the level of the sclera.’ Qualitative 
studies have suggested that the pres- 
ence of less connective tissue and 
larger pores in the superior and infe- 
rior quadrants of the lamina cribrosa 
may contribute to the greater suscep- 
tibility of the arcuate retinal ganglion 
cell axons to damage in glaucoma.*’ 
Blacks have a higher prevalence* 
and earlier age of onset** of primary 
open angle glaucoma than whites. The 
risk of blindness from this disease is 
also higher in blacks.** Blacks have 
higher intraocular pressures than 
whites.*’° Though there may be a dose- 
response relationship between intra- 
ocular pressure level and glaucoma 
damage, the absence of damage in 
some subjects with high pressures and 
the presence in some with low pres- 
sures suggest that other important 
factors also influence susceptibility to 
glaucoma damage." One study has also 
suggested that progression of damage 
due to primary open angle glaucoma 
may occur at a faster rate in blacks 
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than in whites, even atsimilar intraoc- 
ular pressures.’ Therefore, it is likely 
that an as yet undefined biological 
and/or environmental factor(s) is in- | 
volved in the greater susceptibility of . 


blacks to glaucoma damage. Since less 


connective tissue suppert for nerve _ 
fibers passing through the lamina. _ 


cribrosa may make them more suscep- ~ 


tible to glaucoma darmage,”’ it would 
appear reasonable to investigate 
whether blacks have less connective 
tissue support in their laminae cribro- 
sae than whites. 


This study was done to address the _ 
following two questions: What are the — 


quantitative regienal differences in 
the laminae cribrosae of normal sub- 
jects for the proportion made up by 
connective tissue and for the pore 
sizes? Are there any differences be- 
tween normal blacks and whites for 
these lamina cribrosa variables that 
might explain the greater susceptibil- 
ity of blacks to nerve fiber damage in 
primary open angie glaucoma? | 


MATERIALS AND METHODS | 


Adult eyes fixed in buffered formalde- 
hyde 1 to 24 hours. after death were obtained 
from eye banks. Eyes were considered nor- 
mal if there was no history of ocular disease 
and visible ocular surgery, retinal disease, 
and optic nerve damage by light micros- 
copy. One eye each ef seven normal black 
subjects more than 5) years of age and nine 
age-matched norma! white subjects was 
selected. The optic nervesiof these eyes were 


sectioned 2 to 4 mm posterior to the globe. 


The optie nerve heads - were then 
with a 2-mm rim of di 
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Fig 1.— Two 5-um-thick cross-sections showing the difference between 
the continuous, regular-shaped connective tissue beams of the lamina 
cribrosa (top) and the discontinuous, irregular-shaped beams of the op- 
tic nerve posterior to the lamina cribrosa (bottom). Appearance of the 
subarachnoid space (asterisk) was used as an additional criterion that 
the optic nerve posterior to the lamina cribrosa had already begun (orig- 


Fig 2.—A 5-um-thick cross-section representing the midpoint between 
the anterior and posterior limits of the lamina cribrosa of a normal 64- 
year-old black man. Note the continuous, regular-shaped connective 
tissue beams of the lamina cribrosa (original magnification X50). 


inal magnification X 150). 


separated from the retina. 

A trypsin digestion procedure” was then 
used to remove the neural tissue from the 
optic nerve head in all specimens. The rem- 
nants of central retinal vessels were excised 
with fine scissors. The specimens were dried 
by acritical point method, shadowed witha 
gold-palladium mixture, and examined by 
scanning electron microscopy for another 
study.” For the present study, the speci- 
mens were then embedded in epoxy resin. 
Serial cross-sections of the optic nerve head 
were made at 5-um intervals in the plane of 
the retina. The cross-sections were stained 
with paraphenylenediamine and then stud- 
ied by light microscopy. 

The anterior limit of the lamina cribrosa 
was considered as the appearance of a 
sievelike structure of connective tissue 
beams. The posterior limit of the lamina 
cribrosa was considered as the last cross- 
section that showed continuous, regular- 
shaped connective tissue beams before they 
changed to discontinuous, irregular-shaped 
beams (Fig 1). The latter was considered to 
represent the optic nerve posterior to the 
lamina cribrosa. The appearance of the 
subarachnoid space was considered as an 
additional criterion to imply that the optic 
nerve posterior to the lamina cribrosa had 
already begun (Fig 1). 

Cross-sections were selected to represent 
the midpoint between the anterior and pos- 
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terior limits of the lamina cribrosa in each 
region (defined later) of the optic nerve 
head (Fig 2). In 8 of the 16 specimens, this 
midpoint in all regions of the lamina 
cribrosa was not represented by the same 
cross-section, due to the normal slightly 
bowed shape of the lamina cribrosa. This 
feature necessitated selection of two sepa- 
rate cross-sections to represent all regions 
of the midlamina in these 8 specimens. 
The selected cross-sections of the lami- 
nae cribrosae were photographed on black- 
and-white film, and prints were made at 
x200 magnification. Measurements of the 
pores and connective tissue from the mag- 
nified prints were made with an image 
analysis planimeter (Micro-Plan II, Don- 
Santo Corp, Natick, Mass). Figure 3 illus- 
trates the detail of how the measurements 
were made. The area of the central vessels 
and the peripheral edge of the lamina 
cribrosa were outlined. The midpoint of the 
vertical meridian was considered as the 
center of the cross-section. Three more me- 
ridians were drawn through the center such 
that these and the vertical meridian were 
45° apart. The resulting eight radii were 
then used to divide the superior, inferior, 
nasal, and temporal quadrants into periph- 
eral and central regions such that these re- 
gions were approximately equal in area 
within the same quadrant after excluding 
the area occupied by the central vessels, 


using the following formula: 
f = [(R + r?)/2)!? 


where f was the radius from the center to 
the boundary for the central region, R was 
the radius from the center to the peripheral 
edge of lamina cribrosa, and r was the ra- 
dius of the central vessels area (Fig 3, left). 

The pores in each region and the regions 
themselves were outlined on the print using 
the digitizing pad of the image analysis 
planimeter (Fig 3, right). Each pore outline 
in the print was confirmed by examining the 
corresponding cross-section under the mi- 
croscope as the latter always allowed better 
distinction between the connective tissue 
and undigested neural tissue if present 
within the pore. If a pore crossed the orig- 
inally defined boundaries for the regions, it 
was assigned to the region in which the 
maximum proportion of its area was 
present. The area of each pore and each re- 
gion was calculated by using the appropri- 
ate scale factor. 

The total area occupied by the pores ina 
region was subtracted from the total area of 
that region to obtain the area occupied by 
the connective tissue. The total area of the 
lamina cribrosa was obtained by adding 
the total area of the eight regions for each 
specimen. To ensure consistency, the mea- 
surements on all lamina cribrosae were 
made by one of us (L.D.). 


Human Lamina Cribrosa—Dandona et al 


“ws. 





Fig 3.—Tracings frem the lamina cribrosa cross-section in Fig 2 illustrating how the measure- 
ments were made from the magnified prints (original magnification X200). Left, Eight radii were 
used to divide the superior (S), inferior (I), nasal (N), and temporal (T) quadrants of the lamina 
cribrosa into peripheral and central regions such that these regions were approximately equal in 
area within the same quadrant after excluding the central vessels area (CVA). Right, Pores were 
outlined in each of the eight regions using a digitizing pad. If a pore crossed the originally defined 
boundaries for the regions, it was included in the region in which the maximum proportion of its 


area was present. 
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Fig 4.—Frequency distribution of pore size in the eight lamina cribrosa regions for a normal sub- 
ject showing a typical pattern. SP indicates superoperipheral; IP, inferoperipheral; NP, nasope- 
ripheral, TP, temperoperipheral; SC, superocentral; IC, inferocentral; NC, nasocentral; and TC, 


temporocentral. 


We evaluated the sizes of small, medium, 
and large pores separately within each re- 
gion to avoid overlooking differences be- 
tween regions and between subject groups 
at one or the other end of the distribution, 
which could be masked if only the mean and 
SD values of the distributions were evalu- 
ated. Therefore, the 10th, 25th, 50th, 75th, 
and 90th percentile values of the pore area 
distribution for each of the eight regions of 
each specimen were selected for statistical 
analysis. These values, and the proportion 
of total area occupied by the connective tis- 
sue in each region of each specimen, were 
denoted as the dependent variables. 

A repeated-measures analysis of vari- 


Arch Ophtha!mol— Vol 108, March 1990 


ance (ANOVA) model'* was used to compute 
the effect of race, sex, and location of the 
eight regions on the dependent variables. 
Linear regression was used to study the ef- 
fect of age and total lamina cribrosa area on 
the dependent variables, and to study the 
relationship between the total lamina 
cribrosa area and the total number of pores 
in it. The two-sample t test was used to in- 
vestigate whether the total lamina cribrosa 
area and the total number of pores in it dif- 
fered between blacks and whites. 
Statistical significance was defined as 
P < .05. The Bonferroni correction was used 
to define statistical significance for the 25 
multiple comparisons, done within the re- 
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peated-measures ANOVA model to com- 
pare the effect of various combinations of 
regions on the dependent variables, as 
P < .002 (.05/25). Marginal statistical sig- 
nificance for the multiple comparisons was 
arbitrarily defined as .01 > P => .002. 

Of the lamina cribrosa cross-sections 
selected for this study, the photomicro- 
graph of one was chesen randomly to com- 
pute the reproducibility of the method used 
to make measurements. Complete measure- 
ments from three magnified prints of this 
photomicrograph were made on separate 
days. Reproducibility ef the dependent 
variables from these three measurements 
was expressed as ceefficients of variation 
(SD as a percentage of the mean). 


RESULTS 


The ages of the seven black subjects 
ranged from 55 to 83 years, with 
a mean (+ SEM) of 67.3 + 3.1 years. 
The ages of the nine white subjects 
ranged from 50 to 86 years, with a 
mean of 67.2 + 28 years. The mean 
(+SEM) total laminacribrosa area for 
the blacks, 2.95 + 0.32 mm? was more 
than that for the whites, 2.24 + 0.17 
mm’ (P = .056). The mean (+ SEM) 
total number of pores in the lamina 
cribrosa for the blacks, 672 + 58, was 
also more than that for the whites, 
536 + 38 (P = .0€1). There was a sig- 
nificant positive linear correlation be- 
tween the total lamina cribrosa area 
and the total number of pores in it 
(r= .682, P= 004). The mean 
(+ SEM) of the otal lamina cribrosa 
area for the seven male subjects was 
2.55 + 0.39 mm?, and that for the nine 
female subjects was 2.56 + 0.17 mm?. 

The reproducibility of the method 
used to make measurements from the 
lamina cribrosa cross-sections was ac- 
ceptable. The coefficients of variation 
for the connective tissue measure- 
ments in the eight regions of the lam- 
ina cribrosa ranged between 2.3% to 
5.9%, with a mean of 3.9%. For the 
pore area measurements, the 90th per- 
centile value had the lowest coeffi- 
cients of variation, ranging between 
0.6% and 5.6%, with a mean of 2.8% 
for the eight regions; the 10th percen- 
tile value had the highest coefficients 
of variation, ranging between 2.8% 
and 11.9%, with a mean of 6.2% for the 
eight regions. 

The frequency distribution of pore 
size within a region was weighted more 
toward the small size (Fig 4). The 
magnitude of the skew in distribution 
toward the large pore size varied 
among the different regions and sub- 
jects. 

There was no significant linear cor- 
relation between age and the depen- 
dent variables (eonnective tissue pro- 
portion, 7 = .383, P = .143; the five pore 
area percentile values, the range of 
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r=.091 to .268, and the range of 
P = 315 to .738). There was no signif- 
icant linear correlation between total 
lamina cribrosa area and the depen- 
dent variables (connective tissue pro- 
portion, r = .290 and P = .275; the five 
pore area percentile values, the range 
of r= .226 to .360, and the range of 
P = 171 to .400). None of the depen- 
dent variables was significantly differ- 
ent between male and female subjects 
(connective tissue proportion, P = 
211; the five pore area percentile val- 
ues, the range of P = .068 to .918). None 
of the dependent variables was signif- 
icantly different between blacks and 
whites (Table 1). The mean value for 
the connective tissue proportion in the 
lamina cribrosa was 56.0% for blacks 
and 55.2% for whites. 

All dependent variables, except the 
10th percentile values for pore area, 
were significantly different between at 
least two of the eight regions (Table 2). 
The inferoperipheral region had the 
least connective tissue proportion with 
a mean value of 48.6%, and the largest 
pore areas with a mean value of 5201 
um? for the 90th percentile value. 
Based on multiple comparisons within 
the repeated-measures ANOVA mod- 
el, the significant and marginally sig- 
nificant regional differences for the 
connective tissue proportion are 
shown in Table 3, and for the pore area 
percentile values, in Table 4. 

The connective tissue proportion 
was significantly less in the four pe- 


Variable 


Pore area, um’ 
10th percentile 


50th percentile 
75th percentile 
90th percentile 


*Data are expressed as mean + SEM. 
+P values were obtained from the repeated-measures analysis of variance model. P < .05 was defined as 
statistically significant. 









Supero- 
Variable peripheral peripheral 
Connective tissue 
proportion 


Pore area, pm? 


abs 











10th percentile 506 + 35 ____ 550 + 47 
25th percentile 890 + 49 927 + 56 
50th percentile 1648 + 81 1797 + 111 
75th percentile 2763 + 147 3181 + 271 
90th percentile 4449 + 237 5201 + 621 


*Data are expressed as mean t SEM for 16 subjects. 





infero- 





ripheral regions combined than in the 
four central regions combined, in the 
superior and inferior quadrants com- 
bined than in the nasal and temporal 
quadrants combined, in the superope- 
ripheral and inferoperipheral regions 
combined than in the nasoperipheral 
and temporoperipheral regions com- 
bined, in the inferior quadrant than in 
the nasal quadrant, and in the infero- 
peripheral region than in the nasope- 
ripheral or the temporoperipheral or 
the inferocentral region (Tables 2 
and 3). 

The pore area was significantly 
larger in the superior and inferior 
quadrants combined than in the nasal 
and temporal quadrants combined (all 
five percentile values), in the supero- 
peripheral and inferoperipheral re- 
gions combined than in the nasope- 
ripheral and temporoperipheral re- 
gions combined (50th, 75th, and 90th 
percentile values), in the superior or 
the inferior quadrant than in the nasal 
or the temporal quadrant (50th, 75th, 
and 90th percentile values), in the 
superoperipheral region than in the 
nasoperipheral or the temporoperiph- 
eral region (50th percentile value), in 
the inferoperipheral than in the naso- 
peripheral or the temporoperipheral 
or the inferocentral region (50th, 75th, 
and 90th percentile values), and in the 
superocentral region than in the naso- 
central or the temporocentral region 
(50th and 75th percentile values) (Ta- 
bles 2 and 4). 


3882 + 272 





Supero- 
central 


ary TC Dene Tee inanan aas naa a armaa a ar 


Tempo- 


0.528 + 0.016 0.486 + 0.019 0.569 + 0.015 0.546 + 0.012 0.546 + 0.023 0.583 + 0.022 0.585 + 0.018 0.602 + 0.022 .001 


serojshevtre bie te despsesienniyauiyuamnysjpayanaan a mcurerenrnere aretha tir tSihtiAA AIA RIRre ener train cat tfetrrtthtttamamanmaair-rasarerrarerrarrirtvantnannntsauryanamumannirinarne rtshirinhntitiMiinit An AAn RRR e ee rACITATY HAASE 





infero- 
central 





COMMENT 


We determined with a quantitative 
method that the proportion of connec- 
tive tissue was less and the pore size 
was larger in the superior and inferior 
quadrants than in the nasal and tem- 
poral quadrants of the normal lamina 
eribrosa at the midpoint between its 
anterior and posterior limits. This is in 
general agreement with the previous 
qualitative evaluation of the anterior 
appearance of the lamina cribrosa’ and 
its cross-sectional qualitative eval- 
uation? We found that these differ- 
ences between the quadrants were 
more pronounced in the peripheral re- 
gions than in the central regions. 
These regional differences for the pore 
size were more marked for the larger 
pores (50th, 75th, and 90th percentile 
values), whereas there was not much 
difference between regions for the 
smaller pores. Peripheral regions of 
the lamina cribrosa tended to have a 
lower proportion of connective tissue 
and larger pore size than their central 
counterparts, though this difference 
was statistically significant only for 
the inferior quadrant. 

Ogden et alf found, by quantitative 
analysis, in the lamina at the level of 
the choroid a significant preponder- 
ance of small pores in the temporal 
quadrant, but there was no significant 
difference between the superior, infe- 
rior, and nasal quadrants. In the same 
study, in the lamina at the level of the 
sclera there were significantly more 
small pores in the temporal quadrant 
and large pores in the inferior quad- 
rant, but there was no significant dif- 
ference between the superior and nasal 
quadrants. Compared with our study, 
the lack of some significant differences 
between quadrants for the pore sizes in 
the study of Ogden et al may be due to 
one or both of the following method- 
ological differences. First, we com- 
puted regional! differences for five per- 
centile values of pore sizes to represent 
the whole distribution, whereas Ogden 
et al computed regional differences for 










Temporo- 
central! Pt 


Naso- 
central 


+ 


458 + 34 473 + 34 525 + 44 505 + 46 454 + 33 410+ 35 051 

773 £53 761 + 52 906 + 75 805 + 56 796 + 53 741 +69 038 

“4298+ 66 1311 £94 16912 134 1366+ 93 1341+ 94 1260+ 100 001 

+ 2302 + 152 2199+ 145 2876 +263 2322 +158 2086 + 133 2093+ 181 001 
3450 4 249 3473 + 226 4216 + 348 3534 £247 3234 + 200 3205 +284 .001 





+P values were obtained from the repeated-measures analysis of variance model. A statistically significant P value, defined as a value jess than .05, implies that there 
was a significant difference between at least two of the eight regions for that dependent variable. 
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SP-HP4+NP+TP)< 


(SCHIC+NO+TD) 
(SP+SCHP+IC)< 0001 

(NP4+-NC+7P+1C) 
(SP-+HP)<(NP+TP3 .0002 
(SP+SC)<(NP-+NC) 0033 
(SP+8C)<(TP+TC) 0063 
(P-+IC}<(NP+NC) 0019 
UP-+IQ)<(TP+TC) .0038 
P <NP 0001 
P<TP 0018 


PIC 


“SP indicates superoperipheral; IP, inferoperiph- 
eral’ NP, nasoperipheral: TP, temporoperipheral; SC, 
superocertral; IC. inferocentral; NC, nasocentral; and 
TC, temperocentral. 

+ values were obtained from 25 multiple compar- 
‘jsons withen the repested-measures analysis of vari- 

-ance model. Using theBonferroni correction for the 25 
mulfipie cemparisons. < 002 (.05/ 25) was defined 
as statistically significant, and .01 > P = .002 was 
arbi#rarily defined as marginally statistically signifi- 
cant (underlined values). 


the number of small and large pores 
based on an arbitrary cutoff point 
(2500 am’). Secend, we used the whole 


“Si. lamina cribrosa cross-section for anal- 


ysis, whereas Ogden et al eliminated 
wedges in between the quadrants 
amounting to about one third of the 
total cross-sectional area of the lamina 
cribrosa. Finally, it is also possible 
that the lamina cribrosa characteris- 
tics of the subjects selected for the two 
studies could have been different. 
The most frequent initial visual field 
defects in primary open angle glau- 
coma occur in areas corresponding to 
the paracentra! region of the retina. ®t 
Axons of the ganglion cells located in 
the paracentra: region project to the 
superier anc inferior quadrants of the 


“~ optic nerve head. *? Our data support 


the hypothesis that less connective 
tissue proportion and larger pores in 
“the superior ard inferior quadrants of 
the lamina cribrosa may provide less 
structural support to the nerve fibers 
passing threugh them, and hence may 
contribute to their greater susceptibil- 
ity to glaucoma damage by allowing 
greater distortion of these regions 
at elevated intraocular pressures.’ 
Nerve fiber counts in postmortem 
glaucomatous human eyes have con- 
firmed that the superior and inferior 
quadrants of the optic nerve head show 
. more rapid nerve fiber damage.” How- 
_ever, the amount of connective tissue 
-support in the lamina cribrosa may not 

-be theonly factor determining suscep- 
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P for Percentile Values for Pore Areat 


Region” 
(SP+iIP+NP+TP)> 
(SC+IC+NC+TC) 


(SP +SC+IP+IC)> 
(NP-+NC+TP+TC) 


(SP+IP)>(NP+TP) 
(SP+SC)>(NP+NC) 


(SP+SC)>(TP+TC) 





(IP-+1C)>(NP+NC) 
(IP+iC)>(TP+TC) 
SP>NP 
SP>TP 





*SP indicates superoperipheral; IP, inferoperipheral: 


NP, nasoperipheral; TP, temporoperipheral; SC, 


superocentral: iC, inferocentral; NC, nasocentral; and TC, temporocentral. 

+P values were obtained from 25 multiple comparisons within the repeated-measures analysis of variance 
model. Using the Bonferroni correction for the 25 multiple comparisons, P < .002 1.05/25) was defined as sta- 
tistically significant, and .01 > P = .002 was arbitrarily defined as marginally statieticaily significant (underlined 


values}. 


tibility of nerve fibers to glaucoma 
damage. It is possible that some nerve 
fibers may be inherently more suscep- 
tible to damage than others.” 

Our finding that the inferoperiph- 
eral region of the lamina cribrosa had 
the least connective tissue proportion 
and the largest pores may be consis- 
tent with the relatively greater fre- 
quency of superior, as compared with 
inferior, visual field defects in primary 
open angle glaucoma.'*!’ Presence of 
the weakest connective tissue support 
in the inferoperipheral region of the 
lamina cribrosa may also be related to 
the relatively more frequent occur- 
rence of pitlike changes in primary 
open angle glaucoma at the inferior 
pole of the optic nerve head.” 

For the 16 subjects in our study, with 
ages ranging from 50 to 86 years, we 
did not find a significant linear corre- 
lation between age and either connec- 
tive tissue proportion or pore size of 
the lamina cribrosa. Previously, a 
quantitative’ and a qualitative” 
study, both with wider age ranges than 
in our study, found that the connective 
tissue proportion of the lamina 
cribrosa increases with age. 

We did not detect any significant 
differences between the laminae 
cribrosae of normal blacks and whites, 
50 or more years of age, for either the 
connective tissue proportion or any of 
the pore area percentile values. In fact, 
the values for these dependent vari- 
ables were almost identical for the two 


races. The inability tefind a significant 
difference in a study does not neces- 
sarily mean that the difference does 
not exist.” If we assume the mean 
value for the connective tissue propor- 
tion to be 0.55 for one of the races, and 
the average SD value for its distribu- 
tion for the two races to be 0.06 (Table 
1), our study with a sample size of 
seven blacks and nine whites had a 
power of about 9E% to detect a 20% or 
more difference in the connective tis- 
sue proportions for the two races at 
P < .05. If a 20% or more difference 
between the lammae:cribrosae of nor- 
mal blacks and whites for the connec- 
tive tissue proportion is pathologically 
significant, we did net find such a dif- 
ference in subjects 5( or more years of 
age. It is not kncwn what percentage 
racial difference for the connective 
tissue proportion may be pathologi- 
cally significant. If one were to assume 
that a10% difference between the two 
races for the conmective tissue propor- 
tion may be pathologically significant, 
the comparable samplesize required to 
detect this difference would be 31 sub- 
jects of each race. 

We evaluated the laminae cribrosae 
of normal subjects 50 or more years of 
age. It may be possibie that amongthe _ 
young normal sabjects, for instance _ 
those less than 4C years of age, ahigher .. 
proportion of blecks than whites may. 
have lower connective tissue propor 
tion in their laminae; cribrosae. It 






















subjects, those with lower connective 
tissue proportion, a higher proportion 
of blacks than whites, may develop 
nerve fiber damage due to primary 
open angle glaucoma at a later age. If 
this is true, then the age group of nor- 
mal subjects in our study would not 
have included those subjects with 
lower connective tissue proportion 
who had already developed glaucoma- 
tous damage, possibly a higher propor- 
tion of blacks than whites. Because of 
very few young black eye donors, pres- 
ently we are unable to investigate such 
a possibility. 

A recent abstract mentions that in 
young adults the proportion of extra- 
cellular matrix in the lamina cribrosa 
cross-sections is less for blacks than 
for whites.” This report does not men- 
tion whether the data are quantitative 
or qualitative. 

The total lamina cribrosa area was 
more for blacks than for whites 
(P = .056). The subjects chosen for our 
study were selected from a larger 
group of subjects whose postmortem 
disc sizes were measured for another 
study, which found that blacks have 
a significantly larger dise size than 
_ whites. A clinical study with comput- 
erized image analysis also found that 
blacks have larger dise area than 
whites.” The total number of pores in 
the lamina cribrosa was also more for 
blacks than for whites (P = .061), and 
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there was a significant positive linear 
correlation between the total lamina 
cribrosa area and the total number of 
pores in it. This suggests that larger 
laminae cribrosae do not have larger 
pores, which was confirmed by the ab- 
sence of a significant linear correlation 
between the total lamina cribrosa area 
and any of the five percentile values for 
pore area. 

Blacks have larger discs than 
whites, but they have the same pro- 
portion of connective tissue in their 
laminae cribrosae as whites. This im- 
plies that the total amount of neural 
tissue in the optic nerve heads of 
blacks is more than in whites. A histo- 
logie study. has also shown that larger 
optic nerves have more neural tissue 
just poster or to the optic nerve head." 
In spite of a larger amount of neural 
tissue in their optic nerve heads, 
blacks are at a greater risk of suffering 
vision loss from primary open angle 
glaucoma than whites.’’ The greater 
susceptibil:ty of blacks to glaucoma 
damage may be in part due to their 
higher intraocular pressures! and 
poorer response to intraocular pres- 
sure-lowering therapies*** compared 
with whites. However, the possibility 
that progression of glaucoma damage 
may occur more rapidly in blacks than 
in whites, even at similar intraocular 
pressures,’ and the absence of glau- 
coma damage in some subjects with 
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high intraocular pressures and the 
presence in some with low pressures," 
suggests that other factors also con- 
tribute to the greater susceptibility of 
blacks to glaucoma damage. We did 
not find evidence for the presence of 
less connective tissue support in blacks 
for the nerve fibers passing through 
their laminae cribrosae than in whites. 
Larger disc size has been suggested to 
increase the susceptibility to glaucoma 
damage in blacks by allowing rela- 
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no significant difference between the 
disc size distributions of normal sub- 
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due to primary open angle glau- 
coma.” Thus, larger dise size, per se, 
does not appear to be a major risk fac- 
tor for glaucoma damage. Therefore, if 
there is a biological factor related to 
the lamina cribrosa that explains the 
greater susceptibility of blacks to 
nerve fiber damage in primary open 
angle glaucoma, it remains unre- 
solved. 
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Trazodone-Induced Palinopsia 


Mark & Hugnes, MD, Simmons Lessell, MD 


+è Pelinopsia refers to the persistence or 
reappearance of an image of a recently 
viewed object. Typically, patients with pal- 
inopsia have other visual symptoms or 
signs, and the underlying cause is a struc- 
tural lesion cf the posterior portions of the 
cerabral hemispheres. However, we 
treated three patients who experienced 
_ palinopsia as an isolated symptom, appar- 
., ently gs a side effect of trazodone hydro- 
_ o¢hleride therapy for depression. The pali- 


-` nopsia was dose related and disappeared 


with reduction or cessation of therapy. 
(Arch Ophihalmol. 1990; 108:399-400) 


Palisopsia is a rare symptom in 

which there is visual perseveration 
beyond the physiological afterimage. 
The semptem may take various forms, 
most commonly as the persistence or 
reappearance of portions of a recently 
c. Viewed scere. In some cases the perse- 

yeration consists of freeze-frame or 
strobescopic images of a moving stim- 
ulus. Palinepsia is rarely an isolated 
symptom aad usually occurs in a set- 
ting cf hemianopia or visual halluci- 
nations. Considering the fundamen- 
tally visual nature of the symptoms, it 
is surprising that there have been so 
few reports of the entity in the oph- 
thalmac literature. Nevertheless, pa- 
tients. with palinopsia sometimes 
present to the ophthalmologist, as was 
the case with the three individuals de- 
scribed in this report. In contrast to 
the usual patients with palinopsia, 


é- whose symptoms result from struc- 


tural cerebral lesions or seizures, these 
. three patieats experienced the symp- 
tom as a toxic side effect. of trazodone 
hydrochloride (Desyrel) therapy for 
depression. 


__.. REPORT OF CASES 


Case 1.—Am otherwise healthy 37-year- 
old woman presented to her ophthalmolo- 
gist with a month history of “persistent 
images.” She had begun trazodone hydro- 
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chloride therapy for depression 3 months 
previously at a daily dose of 75 mg. One 
month later, immediately after the dose 
was increased to 300 mg/d, she began to 
note “swirling afterimages,” particularly 
in her temporal visual fields. Hallucina- 
tions occurred in both hemifields. Either 
she or the object had to be moving to pre- 
cipitate the phenomenon. On one occasion, 
the image of a doorway through which she 
had just walked “floated” in her periphery 
for about 15 minutes. On another occasion, 
after walking into her infant’s room, an 
image of the crib persisted even after she 
had moved into another room. 

The perseverated images were only ob- 
served in the morning and were frequent 
and “intense.” They were never accompa- 
nied by any other symptoms. At the time of 
each episode she was alert, clear headed, 
and behaving normally. She was receiving 
no medication other than trazodone. Her 
neurological and ophthalmic histories were 
normal. 

Complete ophthalmic and neuro- 
ophthalmic examinations yielded unre- 
markable results. Goldmann visual fields 
were full to the I-4-e and I-2-e white stim- 
uli. No other investigations were under- 
taken. 

When her dosage of trazodone was re- 
duced to 75 mg/d, she experienced immedi- 
ate improvement in her symptoms. The im- 
ages were now fleeting and occurred only in 
the early morning. Nevertheless, she still 
found them disturbing and several weeks 
later she discontinued trazodone therapy. 
The palinopsia immediately stopped and 
has not recurred in the subsequent 18 
months. 

CASE 2.—A 51-year-old woman presented 
for evaluation of “unusual visual experi- 
ences.” Her medical history was significant 
for childhood paralytic poliomyelitis. Oth- 
erwise, her neurological history was unre- 
markable. She had been treated with traz- 
odone for 6 years for a bipolar affective dis- 
order. Levothyroxine sodium (Synthroid) 
and triazolam (Halcion) were the only other 
medications she took. 

She was aware of a visual symptom that 
occurred while taking daily doses of at least 
450 mg of trazodone hydrochloride but that 
had not occurred at a daily dose of 100 mg. 
This was present only within 90 minutes of 
arising in the morning and consisted of 
“strobelike” afterimages of an object that 
she had just viewed. For example, on turn- 
ing away after watching her husband walk 
toward her, she continued to see multiple 
images of him in the periphery of her visual 
field. No lateralization was evident. These 
images were more intense if she had insuf- 
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ficient sleep. During each episode of pali- 
nopsia she exhibited no alteration in her 
mental status and appeared to behave nor- 
mally. No other symptoms occurred. | 
A complete neuro-ophthalmie examina- 
tion revealed no abnormalities. Goldmann 
perimetry showed full fields to the I-4-e and 
I1-2-e white stimul:. An 18-channel electro- 
encephalogram wes recorded during awake 
and drowsy states. It revealed a borderline 
abnormal recording because of excessive 
temporal slowing. However, there were no 


focal lateralizing abnormalities or epilepti- 


form discharges. Magnetic resonance im- _ 
aging and computed temographic scanning 
of the head with enntrast showed a 1.5-em 
rounded mass over the anteromedial por- 
tion of the left frontal lobe. The lesion was 
interpreted as a meningioma. 

Trazodone therapy was stopped but she 
continued to use Levothyroxine and triazo- 
lam. The palinopsia ceased immediately 
and has not recurred in the succeeding 10 
months. ae 

Case 3.—A 60-year-old man was referred © 
by the patient discussed above because she - 
recognized that he complained of symptoms 
similar to her own while taking the same 
medication. He had moderate myopia, but 
an otherwise normal ophthalmic history. 
His medications consisted of trazodone and 
lithium carbonate (Eskalith) for a major 
depressive disorder, and chlorpropamide 
(Diabinese) for adult-onset diabetes melli- 
tus. There was no history of any neurolog- 
ical disorder. 

Three years before, coincident with an 
increase in his daily trazodone hydrochlo- 
ride dose of 200 mg to.500 mg, he began to 
have numerous morning episodes of “strobe 
images.” They were most apt to occur in dim 
illumination. He described looking at the 
door of his bedroom and seeing multiple 
images of the door “march” across his field 
of vision when he shifted his gaze to the 
bureau on the other side of the room. The 
false images were intense, and he had many 
such episodes every morning, each lasting 
15 minutes or less. During each episode of 
palinopsia he was alert, clear headed, and 
behaving normally. Ne other symptoms ac- 
companied the palinopsia. 

Reduction of the daily dose to 100 mg had 
eliminated the palinopsia but the images 
recurred when the-dose was later increased 
to 300 mg. 

A complete ophthalmic and neuro-oph- 
thalmic examination revealed no abnor- 
malities apart from his fully correctible re- 
fractive error. Goldmamn visual fields were | 
full to the I-4-2 and I-2-e white stimuli. No 
other investigations were undertaken... 0 

While receiving daity trazedone hyd 





























chloride doses of 50 mg to 100 mg, this pa- 
tient has been free of palinopsia for over 2 
years. 


COMMENT 


Trazodone is widely used in the 
treatment of depression, the manufac- 
turer estimating that over 4 million 
patients have started therapy with the 
drug in the United States (Carolyn E. 
Reisinger, RPh, written communica- 
tion, July 1989). To the best of our 
knowledge, palinopsia has not been 
reported in the literature as a side ef- 
fect. Nevertheless, trazodone clearly 
seems responsible for the symptom in 
our patients. Only one had special in- 
vestigations, but the clear relationship 
of the palinopsia to the use of the drug, 
remission of visual symptoms coinci- 
dent with reduction of dosage, and 
failure to manifest any other neuro- 
logical abnormalities before, during, 
or after the period of palinopsia makes 
it unlikely that a focal brain lesion was 
responsible for the symptom. The 
manufacturer of the drug has also re- 
ceived reports of nine other individu- 
als who had similar symptoms while 
being treated with trazodone for de- 
pression (Carolyn E. Reisinger, RPh, 
written communication, July 1989). 

Palinopsia has been noted predomi- 
nantly in patients with structural le- 
sions of the posterior portions of the 
cerebral hemispheres.’ Some of these 
lesions have been left sided or bilat- 
eral, but the majority have been right 
sided. This may be an artifact result- 
ing from the confounding effect of 
aphasia in patients with left-hemis- 
pere lesions. However, it should be 
noted that, in general, visual halluci- 
nations are more common with right- 
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than with left-hemisphere lesions even 
when the data are corrected for 
aphasia.*’ The most focal lesion known 
to cause palinopsia was a right occip- 
itotemporal infarction.‘ Serial section- 
ing of that brain revealed a single 
elongated lesion that extended from 
near the occipital pole to an area of the 
temporal lobe 1 em anterior to the 
trigone of the lateral ventricle. It had 
destroyed the lower bank of the cal- 
carine cortex, the fusiform and lingual 
gyri, and the posterior portion of the 
hippocampus. 

Palinopsia has occurred with 
primary’? and metastatic’ brain tu- 
mors, multiple sclerosis,’ traumatic 
lesions,'*!' cerebral infarctions, 431041214 
anoxic encephalopathies,’* metabolic 
encephalopathies,’* and arteriovenous 
malformations." In some cases, with 
or without demonstrable cerebral le- 
sions, there has been ictal pali- 
nopsia.'**/*!? Palinopsia may also be a 
migrainous symptom.” 

Palinopsia occurring without an un- 
derlying neurological disorder is dis- 
tinctly unusual. It is alleged to occur in 
sensorially deprived experimental 
subjects” and there is also a single re- 
ported instance of palinopsia following 
enucleation.” Mescaline” or LSD! in- 
gestion may cause palinopsia but, to 
the best of our knowledge, palinopsia 
has not been reported as a side effect of 
any therapeutic medication. 

It is tempting to try to explain how 
trazodone induces palinopsia by iden- 
tifying neuropharmacological charac- 
teristics that trazodone shares with 
mescaline and LSD, the only other 
drugs known to cause the symptom. 
Although the mechanism of traz- 
odone’s antidepressant effect in hu- 
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mans is not fully understood, animal 
experiments have shown that traz- 
odone inhibits the neuronal uptake of 
serotonin. LSD is an hallucinogenic 
indoleamine and a potent inhibitor of 
presynaptic serotonin receptors. 
Mescaline, on the other hand, a hallu- 
cinogenic 8-phenethylamine, does not 
inhibit presynaptic serotonin 
receptors.” In light of the foregoing 
facts, comparison of trazodone’s neu- 
ropharmacologic characteristics with 
those of other hallucinogens and re- 
lated compounds fails to indicate a 
chemical mechanism for palinopsia. 

Several theories have been proposed 
to explain palinopsia. Bender et al! 
speculated that possible mechanisms 
include enhancement of the physiolog- 
ical afterimage, hallucination, psy- 
chogenic elaborations or fantasies, 
and seizures. Kinsbourne and 
Warrington’ have adduced evidence 
that supports the notion that there is 
enhancement of the normal afterim- 
age in some patients with palinopsia. 
Jacobs” argued that palinopsia is a 
sensory seizure. Cummings et al* sug- 
gested that palinopsia is a variety of 
release hallucination. This interpreta- 
tion applies only to instances of pali- 
nopsia that are brief, associated with a 
visual field defect, and unaccompanied 
by ictal activity. Lessell has postu- 
lated that palinopsia represents invol- 
untary visual memory. The palinopsia 
would occur when there is release of a 
circuit between visual association and 
visual memory areas resulting in a re- 
curring sequence of storage and re- 
trieval. 
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e We describe the clinicopathological 
findings in ar eye after 32 years of suc- 
cessful anterior chamber lens implanta- 
tion. in 1956. a rigid Schreck total poly- 
methyimethaerylate anterior chamber lens 
was implanted. in the right eye of a 28- 
year-old white man 1 year after corneo- 
scleral laceration with traumatic cataract. 
The postoperstive clinical course was sub- 
jectively unremarkable for at least 30 


an years. in 1986, the patient developed sec- 


ondary” angle: closure glaucoma, associ- 
ated wiih a cavemous Schnabel optic at- 
rophy that was caused by peripheral 
anterior synechiae and fibrovascular 
downgrowth into the anterior chamber. 
The lens implant was encapsulated ‘‘co- 
coonlike.” Secondary proliferation of cor- 
neal endothelial cells covered the fibrous 
membrane and the chamber angle struc- 
tures. No inflammatory reaction and only a 
very slight foreign-body reaction in the 
area of the foctplate of the anterior cham- 
ber fens were present. Clinical and histo- 
pathological findings indicate that poly- 
methyimethacrylate is sufficiently inert 


H- and biocompatible to be tolerated by the 


surrounding ocular tissues for more than 
30 years. 
(Arch Ophthalmol. 1990; 108:40 1-404) 


n 1949, Ridley implanted his first 
posterior chamber lens after extra- 
capsular cataract extraction.’ Because 
of the high incidence of postoperative 
complications of the Ridley lens,’ at- 
tention was directed to the anterior 
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chamber as a suitable location for 
placement of the intraocular lens 
(IOL) implant by Strampelli in 1953 
and also by other prominent ophthal- 
mologists at approximately the same 
time.™ Anterior chamber angle fixa- 
tion avoided subluxation of the im- 
plant. However, damage to the corneal 
endothelium and chamber angle struc- 
tures was recognized. In 1954, 
Schreck introduced his rigid anterior 
chamber intraocular lens (AC-IOL), 
which consisted completely of polyme- 
thylmethacrylate. The main clinical 
complication of this type of AC-IOL 
was pseudophakic bullous keratopa- 
thy. Corneal decompensation is re- 
lated to mechanical alterations of the 
corneal endothelium by the optic and 
haptic parts of the IOL and to poten- 
tially toxic substances dissolving from 
the plastic material of previously ab- 
sorbed antiseptics used for sterili- 
zation.'” Clinical case reports of im- 
plantation of 32 years’ duration repre- 
sent only posterior chamber lenses.” 
To our knowledge, the longest previ- 
ously published clinicopathological 
follow-ups of an eye containing an 
angle-supported AC-IOL was 5 
years”?! and 8 years.” 

We describe the clinicopathological 
findings in a patient 32 years after 
successful implantation of a rigid 
Schreck acrylic AC-IOL. 


REPORT OF A CASE 
Clinical History and Findings 


In 1956, a Schreck AC-IOL was implanted 
in the right eye of a 28-year-old white man 
1 year after a perforating injury of the cor- 
nea, iris, lens, and retina with a wire. In the 
same year he underwent an operation on 
the right eye for correction of strabismus, 
because of secondary manifest unilateral 
divergent strabismus. From 1957 to 1984 
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the patient, who had no ocular problems, 
did not see an ophtaalmologist. 

On May 25, 1985, she patient was seen in 
our department, 29 rears after his cataract 
surgery. On admission, best corrected vi- 
sual acuity was 20/108 OD. Intraocular 
pressure was 13 mm Eg, but there were 
pressure spikes up to 40mm Hg under top- 
ical antiglaucomatous therapy with 0.6% 
metipranolol hydrechieride and 0.25% 
clonidine hydrochloride measured during 
the following few days. Goldmann perime- 
try disclosed a concentrically narrowed vi- 
sual field. The AC-IOL was completely en- 
capsulated by a partially transparent fi- 
brous membrane that extended from the 
superior footplate of the AC-IOL. The left 
eye was normal in all aspects, with a visual 
acuity of 20/20. 

On July 14, 1988, the patient was seen 
again because of pain aral complete joss of 
vision (no light perceptien) in the right eye. 
The intraocular pressurewas 22 mm Hg. At 
that time he was under maximal topical 
antiglaucomatous tkerasy. The right eye 
revealed a markedly pseadophakic bullous 
keratopathy and vaseular pannus most pro- 
nounced in the inferonasa!l portion of the 
cornea. The anterior chamber angle was 
nearly circular, closed by overgrowing fi- 
brovascular connective tissue. A perforat- 
ing corneal scar was noted at the 7-c’clock 
position near the limbus and a correspond- 
ing defect was seen ai the 9-o’clock position 
in the peripheral irisstrema (Fig 1, top left 
and top right). The pesterior segment of the 
eye could not be visualized because ef cor- 
neal clouding and membranous encapsula- 
tion of the AC-IOL. The painful right eye 
was enucleated on Jaly 15, 1988. 


Histopathologica Findings 


The globe was fixec in s buffered solution 
of 1% glutaraldehyde an’ 4% paraformal- 
dehyde. 


Macroscopic Examination 


The right globe measured 25 X 25 x 25 “ee, 


mm, the cornea measured 12 X 11. m 
the attached optic nerve measured 
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Fig 1.—Top left and top right, Right eye of a 57-year-old white man in 1985 containing a Schreck anterior 
chamber lens since 1956. Visual acuity is 20/ 100 and intraocular pressure, 13 to 40 mm Hg by applanation 
tonometry. Anterior chamber intraocular lens is completely encapsulated by a partly transparent membrane 
that extends from the superior footplate amd haptic between the 9- and 12-o’clock positions and covers 
nearly two thirds of the haptic. A perforating corneoscleral scar is seen at the 7-o’clock position near the 
limbus (asterisk), and in the peripheral iris stroma (arrowheads) a corneoscleral surgical scar is seen from 
the 8- to 11-o'clock positions (circles). Bottom left, Gross appearance of the anterior segment of the eye 
shows Schreck’s rigid total polymethylmethacrylate angle-supported anterior chamber lens. C indicates 
cornea; SR, Soemmerring ring cataract; and arrowheads, iris diaphragm. Bottom right, Gross appearance 
of the ‘‘cocoonlike’’ encapsulated (arrowheads) anterior chamber lens (ACL). AC indicates anterior cham- 
ber; IR, iris; and asterisks, pupillary space. 


No transillumination defects were seen. 
The globe was sectioned obliquely, parallel 
to the long axis of the AC-IOL. The eye 
contained a Schreck rigid, angle-supported, 
acrylic, AC-IOL 5 mm in diameter and 1 
mm thick in its optic portion (Fig 1, top left 
and top right). A Soemmerring ring cata- 
ract was present (Fig 1, bottom left and 
bottom right). In the area of the superior 
haptic, an extensive peripheral anterior 
synechia was present. The retina was in 
place and displayed a chorioretinal scar in 
its nasoinferior portion. The optic disc 
showed a total glaucomatous atrophy. The 
AC-IOL was left in place, and the globe was 
processed. 


Microscopic Examination 


Subepithelial fibrous tissue separated 
corneal epithelium from Bowman’s mem- 
brane. The epithelial cells showed intracel- 
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lular and extracellular edema of the basal 
cell layer and bullous separation of Bow- 
man’s membrane (Fig 2, A and D). Superfi- 
cial and deep stromal vascularization oc- 
curred in the diffusely edematous stroma. A 
well-healed, leveled limbal scar was seen 
through all eorneal layers. Through the gap 
in Descemet's membrane, fibrovascular tis- 
sue extended into the anterior chamber, 
encapsulating the AC-IOL “cocoonlike.” 
The fibrous membrane consisted of fi- 
brovascular-connective tissue, small fibro- 
blastlike cells, iris melanocytes, and pig- 
ment epithelium without any evidence of 
chronic inflammation of foreign-body giant 
cells. Markedly attenuated corneal endo- 
thelium migrated over this vascular con- 
nective tissue and the chamber angle, as 
well as ontosthe anterior surface of the iris, 
laying down new basement membrane and 
leading to secondary angle closure glau- 


coma (Fig 2, Band C). Basement membrane 
and Descemet’s membrane demonstrated 
posterior, periodic acid-Schiff-positive 
nodules (Fig 2, C). While there was nearly 
a total loss of endothelial cells on Descem- 
et’s membrane, numerous endothelial cells 
were present in the area of newly laid-down 
basement membrane (Fig 2, C and BE). 
Between the pupillary margin of the iris 
surface and the fibrous membrane, an ex- 
tensive iridomembranous synechia was 
seen. Another synechia was found between 
the prolapsed vitreous and the iris surface 
in the pupillary space (iridovitreal syn- 
echia), producing uveal ectropion. No in- 
flammatory reaction was present in the iris 
or in the ciliary body. Only a very slight 
foreign-body giant cell infiltration was 
found in the area of the footplate of the 
AC-IOL haptic. The optic nerve head 
showed a total glaucomatous excavation 
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Fig 2.—A, Extending from the limbal wound (ccles), vascular connec- 
tive tissue (vct) proliferates through gaping wound dges into the ante- 
rior chamber (AC), marking the original placement of the encapsulated 
intraocular lens (asterisks). B and C, Attenuated corneal endothelium 
(arrows) migrates over vct, producing a basementsmembrane with pe- 
riodic acid-Schiff-positive nodules (arrowheads). B, Prominent vascu- 
lar pannus (asterisks) separates corneal epitneliam from Bowman's 
membrane. Epithelial cells show intracellular and excracellular edema of 
their basal cell layer. Note almost complete loss of retrocorneal endo- 
thelial cells (periodic acid-Schiff, original magnifica ion X65). E, Nearly 
total loss of attenuated endothelial cells on the posterior surface of 
Descemet’s membrane (arrowheads) (periodic acid-Schiff, original 
magnification X400). In all figure parts, C indicates cornea; S, sclera; 
PC, posterior chamber; |, iris; and AC, anterior chember. 


Fig 3.— Scanning electron micrograph of the optic (O) and haptic (H) portions of an unused Schreck’s anterior chamber lens. 
Left, Gress appearance of the intraocular lens surface demonstrates numerous scratches due to mechanic manufacturing 
procedure (original magnification X70). Right, Rough, crater-shaped surface of the imperfectly formed edges of an ntraoc- 
ular lens haptic (original magnification X 3500). The intraocular lens was sputtered with gold and examined with a CAMI-SCAN 
scanning electron microscope (Cambridge [England] Scanning Co Ltd). 
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that was associated with a localized cav- 
ernous Schnabel optic atrophy. 


COMMENT 


Champion et al?!” reported, in their 
series of 18 autopsy eyes that con- 
tained an AC-IOL, iris stroma atrophy 
in 72%, ciliary body atrophy and ero- 
sion with chamber angle recession in 
61%, fibrous proliferation in 56%, en- 
dothelialization of the angle struc- 
tures in 33%, and a granulomatous re- 
action to the IOL in 39%. The longest 
duration of an AC-IOL implant in the 
eye was 58 months. 

In our patient, Schreck’s AC-IOL 
remained in place for over 32 years 
without an inflammatory response of 
the surrounding ocular tissues and 
only a very slight foreign-body giant 
cell reaction at the time of enucleation. 
No evidence was seen of the toxic 
effects that several authors formerly 
attributed to the plastic material itself 
or to surface contaminants on the IOL 
as residues of the mechanic treatment 
of the IOL, or of liberation from the 
plastic material of previously ab- 
sorbed antiseptics used for sterili- 
zation. 17,18,29-32 

Corneal decompensation has become 
the most important limiting factor of 
success in IOL implantation. One of 
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the possible reasons is the continuing 
endothelial cell loss after IOL implan- 
tation. In our patient, the marked cor- 
neal decompensation associated with 
bullous keratopathy is caused by dam- 
age and loss of corneal endothelium by 
high intraocular pressure and by the 
existence of peripheral anterior 
synechiae.’*4 The intraocular pres- 
sure in our patient had been stable for 
at least 29 years after cataract sur- 
gery. Since 1985, the elevated intraoc- 
ular pressure was difficult to regulate 
conservatively and in 1988, secondary 
angle closure glaucoma occurred. 
Several different factors are thought 
to be responsible for the development 
of secondary glaucoma. Fibrovascular 
tissue and peripheral anterior syn- 
echiae can cause a partial angle closure 
glaucoma that results in glaucomatous 
optic atropay and marked iris stroma 
atrophy. The latter also may be caused 
by pressure of the IOL haptic. 121303334 
Corneal endothelial cells may prolif- 
erate over the IOL haptic and over the 
trabecular meshwork (Fig 3) and the 
fibrous membrane, producing a new 
basement membrane. Champion and 
Green’! termed this endothelialization 
and descemetization. These mecha- 
nisms may lead to a secondary glau- 
coma, acute localized cavernous 
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Schnabel’s atrophy, and continuing 
corneal endothelial cell loss. 

The cocoonlike encapsulation of the 
IOL probably occurred in our patient 
as a result of fibrous tissue prolifera- 
tion into the anterior chamber 
through the gap in Descemet’s mem- 
brane and not as a special foreign-body 
granulomatous reaction to isolate the 
AC-IOL from the remainder of the 
globe. As a third possibility, we con- 
sidered a vitreous strand incarcerated 
at the time of surgery, which had sub- 
sequently undergone fibrovascular 
transformation; this is most unlikely. 
In spite of the considerable changes in 
the anterior segment of the eye, we 
could demonstrate that Schreck’s rigid 
acrylic AC-IOL remained clinically 
well tolerated in place for more than 30 
years without evidence of an inflam- 
matory reaction.» 

These findings point out that poly- 
methylmethacrylate, still widely used 
for manufacturing IOL implants, is 
sufficiently inert and biocompatible to 
be tolerated by the surrounding ocular 
tissues for a long time. 
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Conjunctival Concretions 


Polarized Microscopic, Histopathologic, and Ultrastructural Studies 


Shu-Wen Chang, MD; Ping-Kang Hou, MD; Muh-Shy Chen, MD 


@ Tc elucidate the pathophysiologic 
features of conjunctival concretions, we 
performed polarized microscopic exami- 
nations, immunocytochemical studies, 
histochemical stains, and electron micro- 
scopic studies of concretions obtained 
from five patients with chronic conjunc- 
tivitis. Electron-dense secretory granules, 
ranging frommO.2 to 0.5 um in diameter and 
stainec positively for periodic acid-Schiff 
and mucicarmine, were found in the su- 
perficial lining epithelial cells of the 
pseudoglandof Henie. In view of the gran- 
ular and membranous figures reflecting 
degenerating epithelial celis and secre- 
tory granulesn the concretions, we argue 
that the-concretiens are mostly composed 
of the mucinous secretion of the trans- 
formed conjunctival glands admixed with 
the degenerativeproducts of the epithelial 
cells. 

(Arch Ophthalmol. 1990; 108:405-407) 


(oniunctival concretions are small 

yellow-white spots of the palpe- 
bral conjunctiva occurring in the eld- 
erly or in patients with chronic inflam- 
matory conditions.’ They are usually 
discrete, but comfluent concretions are 
not uncemmoen. Because of their gelat- 
inous, pastelike consistency, most pa- 
tients do not experience foreign-body 
sensation. Previous researchers have 
used analytical techniques, such as 
x-ray diffraction, emission spectros- 
copy, infrared absorption spectros- 
copy, histochemistry, and electron 
microscepy’ to study the components 
of these concretions. The results were 
different. Some researchers claimed 
that theconcretions were sulfadiazine 
recrysta lization; others believed that 
they refiected imspissated degenera- 
tive products of leukocytes and cast- 
off epithelial eells.'? Using a polarized 
microscope, 2 light microscope, his- 
tochemical and mmmunocytochemical 
studies, and a transmission electron 
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microscope, we found that the compo- 
nents derived from secretory material 
and degenerative epithelial debris. 


PATIENTS, MATERIALS, AND METHODS 


We studied five patients with nonspecific 
chronic conjunctivitis who had conjunctival 
concretions in both eyes. The patients were 
between 18 and 41 years old; three were 
male and two were female. They had no 
other associated external eye diseases, had 
never used sulfadiazine eye drops, and 
showed little sign of active inflammation. 
After local anesthesia with 2% lidocaine 
(Xylocaine) hydrochloride, two to three en 
bloc biopsies of the upper tarsal and lower 
fornical conjunctivae containing the con- 
junctival concretions were performed on 
every patient. Each single-tissue block con- 
tained two to three concretions. One fresh 
specimen was processed for frozen section 
and Sudan black B stain. The second spec- 
imen was fixed in 10% buffered formalde- 
hyde solution for light microscopy and 
histochemical studies, including hematoxy- 
lin-eosin, periodic acid-Schiff, mucin (muci- 
carmine), von Kossa, toluidine blue, Masson 
trichrome, and Pinkus acid orcein Giemsa 
stains. Immunocytochemical stains for ker- 
atin and cytokeratin were also performed. 
Both specimens were examined under a po- 
larized microscope. For electron micros- 
copy, the third specimens obtained from 
two of the five patients were fixed in 2% 
buffered glutaraldehyde and 2% parafor- 
maldehyde solution, postfixed in 1% osmium 
tetroxide, and embedded in Spurr resin 
medium. Thin sections were stained with 


uranyl acetate-lead citrate and examined 
with a transmission electron microscope. 


RESULTS 


No calcium salts, phosphates, or ox- 
alate salts were ceteeted under the po- 
larized microscope Fig 1). Through 
the light microscope, the normal con- 
junctival epithelium consisted of two 
to five layers of cells with a cuboidal 
basal cell layer. The suprabasal cells 
were polyhedral and the surface cells 
were flattened as described by Fine 
and Yanoff.* At the region facing the 
concretions, the epithelium showed 
various degrees of hyperplasia and in- 
vagination into the substantia propria, 
representing the pseudogland of Henle 
(Fig 1). The epithelial cells surround- 
ing the small concretions were cuboi- 
dal, but they were fattened at the 
periphery of large concretions. Immu- 
nocytochemically. the cells surround- 
ing the concretions stained positively 
for keratin and cytokeratin. Fine cyto- 
plasmic granules that stained posi- 
tively for periodic acid-Schiff and mu- 
cin were found in the apical portion of 
the lining epithelium. Under the trans- 
mission electron microscope, electron- 
dense secretory granu es ranging from 
0.2 to 0.5 um in diameter were noticed 
in the superficial epithelial cells (Figs 
2 and 3); we believe that these con- 
tributed to the produczion of mucus in 


Fig 1.—Polarized micrograph of concretion after hematoxylin-eosin stain. C indicates concretions; 
black arrows, pseudogland of Henle (original magnification, 50 X 5). 
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Fig 2.—Transmission electron micrograph of concretions from the con- 
junctival fornix showing lumen of the recess (L) formed by invagmation 
of the conjunctival epithelium (E). Epithelial cells with their degenerat- 
ing nuclei (white arrows) and organelles are also illustrated. The lining 
epithelial cells have secretory granules (black arrows) ranging frem 0.2 
to 0.5 um in diameter, most of which are distributed near the lumen of 
the recess (L). Note the one goblet cell (G) whose secretory cantents 
are different from those of the lining epithelium (black arrows) (eriginal 
magnification, 3000 X 2). 


Staining Reactions of Conjunctival Corcretions 


Fig 3.—Transmission electron micrograph of concretions from the up- 
per tarsal conjunctiva illustrates recess (R) in lining epithelium contain- 
ing secretory granules (black arrows), most of which are apical in po- 
sition. One piece of the cytoplasm (C) containing several secretory 
granules is shed from the epithelial cell. The lining cells are in different 
stages of degeneration (original magnification, 3000 X 2). 


bled degenerating subcellular or- 
ganelles and, occasionally, identifiable 












Cytokeratin 








the eyes.’ Goblet cells were seen in the 
epithelium surrounding concretions 
taken from the lower fornix but they 
were rarely seen in specimens obtained 
from the upper tarsal concretions. 
Mononuclear inflammatory cell infil- 
trates, composed mainly of lympho- 
cytes, were found in 1 of the 10 speci- 
mens. 

The results of the histochemical and 
immunocytochemical stains are sum- 
marized in the Table. In the lumen of 
the distended recess lay the so-called 
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Method Reaction Specificity of Stain 
Periodic acid-Schiff Positive Neutral polysaccharides 
Mucicarmine Positive Mucin 
Toluidine blue Negative Acid mucopolysaccharides 
Pinkus acid orcein Giemsa Negative Elastin 
Masson trichrome Negative Collagen 
Sudan black B Negative Phospholipids 
von Kossa Negative Calcium 
Keratin Negative Keratin 


Negative 


Cytokeratin 





lithiasis. It was eosinophilic, amor- 
phous material that stained positively 
for neutral mucopolysaccharide and 
mucin but negatively for acid muco- 
polysaccharide, phospholipid, elastin, 
collagen, and calcium. In immunocy- 
tochemical studies, the concretions 
stained negatively for keratin and 
cytokeratin. Under the transmission 
electron microscope, the centers of 
the concretions were heterogeneously 
electron dense with focal fine granular 
and membranous debris. They resem- 


degenerating epithelial cell nuclei. 
Electron-dense granules similar to 
those of conjunctival epithelial cells in 
size and shape could also be found (Fig 
2, black arrows). The light microscopic 
and histochemical nature of the flat- 
tened epithelial cells lay between the 
normally appearing cuboidal basal ep- 
ithelial cells and the amorphous con- 
cretions. This indicates that they were 
on the way to degeneration. There 
were no identifiable crystals through- 
out the specimens studied. 


COMMENT 


Conjunctival concretions are small 
yellow-white spots commonly found on 
routine ophthalmic examination. The 
concretions, which are located in a re- 
cess formed by a double layer of epi- 
thelial cells with a number of goblet 
cells, are surrounded by lymphocytic 
infiltration.! Fuchs and Wintersteiner 
as cited by Duke-Elder' believed that 
the concretion was the result of inspis- 
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Fig 4.—Hypotnesized pathophysiologic features of lithiasis formation. Normal conjunctival epithe- 
lium is continwously shedding (A). Under certain circumstances, for example, chronic inflamma- 
tion, the epithelium undergoes a hyperplastic process and infolds to form a recess in the substan- 
tia propia of the conjunctiva (B and C). With the progressively hyperplastic epithelium, the recess 
opening becomes obstructed (D). The shed epithelium increases in mass and finally causes a 
pressure effeet to the lining epithelium (E). The enlarging lithiasis may protrude beyond the recess 
opening (F) amd cause foreign-body sensation. However, the mass may disrupt the epithelium and 
erode through the basement membrane, causing an inflammatory process in the substantia pro- 
pia (G). A secondary bacterial superinfection may occur and induce an inflammatory reaction (H). 


sated degenerative products of migrat- 
ing leukocytes and of cast-off epithe- 
lial cells. Beettner et al? made a series 
of studies of the concretions using an- 
alytical teehniques, including x-ray 
diffraction, emission spectroscopy, and 
infrared abserption spectroscopy. 
They found that the concretions were 
recrystallizations of sulfadiazine eye 
drops. Chin et al’ conducted electron 
microscopic and histochemical studies 
on conjunctival concretions obtained 
from patients with atopic keratocon- 
junetivitis and posttrachomatous de- 
generation. They argued that the con- 
cretions were composed of finely gran- 
ular material and membranous debris 
accumulating in the conjunctival 
subepithelium. Also there were poly- 
morphonuclear leukocytes that phago- 
cytosed similar granular materials at 
the periphery ef the concretions. The 
concretions stained strongly positive 
for phospholipid and elastin and 
weakly positive for neutral polysac- 
charides and lipid. However, they did 
not find goblet cells in the concretions. 

Our study failed to discover crystals 
through polarized microscopy. With 
the negative stain for calcium and the 
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absence of a crystalline pattern under 
the transmission electron microscope, 
we agree that conjunctival “lithiasis” 
is a misnomer.) 

As stated before, goblet cells are 
seen surrounding the concretions from 
the lower fornix while they are rarely 
seen from tarsal concretions. The fact 
that goblet cells stain positively for 
acid mucopolysaccharide while the 
concretions do not and that the secre- 
tory granules of conjunctival goblet 
cells are different from those of the 
superficial epithelial cells’ indicates 
that goblet cells do not play a major 
role in the formation of these concre- 
tions by secretion. 

Based on our observation, the for- 
mation of the conjunctival concretions 
is hypothesized as follows (Fig 4). The 
normal conjunctival epithelium con- 
sists of two to five layers of cells* (Fig 
4, A). With the existence of a chronic 
inflammatory process, the conjuncti- 
val epithelium becomes hyperplastic 
with glandular transformation and in- 
vaginates into the substantia propria, 
forming the so-called pseudogland of 
Henle (Fig 4, B and C). When goblet 
cells are present, as in the fornical 


conjunctiva, the invaginated recess is 
distended by the secretion and subse- 
quently forms a clear retention cyst® 
that is most frequently seen in the 
fornical conjunctiva. Like epithelium 
elsewhere in the body, the conjunctival 
epithelial cells continue to shed from 
the surface and be replaced by new 
cells (Fig 4, A through C). When the 
orifices of these invaginated recesses 
are clogged by the shed epithelial cells 
and their inspissated secretory mate- 
rials, the lumem becomes distended 
and more shed cells accumulate as 
time passes (Fig 4, D). These degener- 
ated cells could be observed through a 
light microscope as hyalinized, amor- 
phous, eosinophilic substances (Fig 1) 
and through an electron microscope 
as finely granular and membranous 
structures. Occasionally, degenerating 
nuclei could be detected. As the mate- 
rials accumulated, the lining epithe- 
lium becomes attenuated to a single 
flattened cell layer (Fig 4, E). However, 
there is still an intact basement mem- 
brane. When the accumulation process 
continues, it may erode through the 
basement membrane and appear in the 
substantia propia where the inflam- 
matory process can be initiated (Fig 4, 


However, the conjunctival recess is 
just like an isolated dead space diffi- 
cult to be reached by conjunctival im- 
munoglobulin and other defense mech- 
anisms. The degenerated cellular 
products admixed with the secretion, 
located in the conjunctival recess, may. 
provide a microenvironment for bac- 
terial proliferation that further stim- 
ulates an inflammatory reaction (Fig 
4, H). On some oceasions, the accu- 
mulated materials may either erode 
through the overlying epithelium and 
subsequently be extruded, or, less fre- 
quently, they may cause foreign-body 
sensation and be removed by a clini- 
cian (Fig 4, F). 


Hey-Chi Hsu, MS, Department of Pathology, 
gave assistance and reviewed the manuscript. 
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Vitreous Cefazolin Levels After Intravenous Injection 





Danie! Bs Martin, MD; Linda A. Ficker, FRCS; Hilda A. Aguilar, MD; 


Susanne x 


è We devised a standardized rabbit 
model of intraocular inflammation using 
neat-killed Staphylococcus epidermidis as 
the inducing crganism. We applied this 
mode! to study ‘he effects of (1) inflamma- 
tion, (2) repeated antibiotic doses, and (3) 
surgical status of the eye on cefazolin lev- 
els in the-vitrecus cavity after intravenous 
administ-ation.. intravenous cefazolin so- 
dium, 500ng/kg, was administered every 
8 hours for 48 bours. Eyes were harvested 
for assay of vitreous cavity antibiotic lev- 
els at vatous intervals from 1 to 49 hours. 
Drug jevels were compared in inflamed 
and noninflamed eyes under both phakic 
and aphekic /vitrectomized conditions. At 
1 hour, vels in phakic specimens were 
3.0 mg/Ł in inflamed eyes vs undetectable 
in noniniiamec eyes (P <.01), but pro- 
gressiveyy incrpased to 10.6 mg/L at 49 
hours {F <.02) in inflamed eyes only. 
_ Levels ir aphakic /vitrectomized eyes at 1 
©. hour were 6.7 mg/L in inflamed eyes vs 4.2 
mg/L ir nonisflamed eyes (P <.1), but 
progressively increased to 24.9 mg/L at 
-49 hours (P <.901) in inflamed eyes only. 
-Levels ac 49 heurs in inflamed phakic and 
inflamec apbakic/vitrectomized eyes 
were well above the minimum inhibitory 
concentrations for organisms termed sen- 
sitive tc cefazolin. We would conclude, 
thereforz, that repeated doses of intrave- 
nous ce’azolir may play an important ad- 
junctive role is the treatment of endoph- 
thalmitis. 
(Arch Ophthaimel. 1990; 108:411-414) 


'efasolin sodium is a first-genera- 
tion cephalosporin commonly em- 
pleyed in the treatment of endoph- 
thalmitis.'? Recently, several authors 
have reported the emergence of cefazo- 
lin-resistant strains of Staphylococcus 
epidermidis, *the most common cause 
of pesteperative’’ and posttraumatic 
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endophthalmitis.°*!'" Resistance of 
streptococci, the most common cause 
of late postoperative bleb-associated 
endophthalmitis,” has likewise been 
reported." As a result, vancomycin 
hydrochloride has been advocated as 
the intravitreal drug of choice in the 
initial treatment of endophthalmi- 
tis Support for cefazolin as an 
adjunctive intravenous therapeutic 
agent continues, however, given the 
potential systemic toxicity of parent- 
erally administered vancomycin.'*!® 
Recently, cefazolin was selected as the 
intravenous drug of choice in the Na- 
tional Eye Institute (Bethesda, Md)- 
funded Endophthalmitis Vitrectomy 
Study.” 

Review of the literature reveals a 
paucity of data regarding penetration 
of cefazolin into the vitreous cavity 
following intravenous administration. 
Studies to date have reported exceed- 
ingly low levels in noninflamed, phakic 
eyes following a single intravenous 
dose.*# These results may not entirely 
correlate with clinical levels for the 
following reasons. First, clinical use of 
the drug occurs in the setting of an in- 
flamed, infected eye. Inflammation is 
known to affect blood-retinal and 
blood-aqueous barriers and would 
therefore be expected to alter baseline 
pharmacokinetics. Second, intrave- 
nous antibiotics are usually prescribed 
as repeated doses administered at reg- 
ular intervals rather than as a single 
bolus. To our knowledge no study has, 
to date, evaluated the effect of re- 
peated antibiotic doses to determine if 
vitreous levels increase proportion- 
ately. Finally, most cases of endoph- 
thalmitis occur in pseudophakic or 
aphakic eyes after cataract extrac- 
tion.*!° Vitrectomy is commonly per- 
formed in this setting followed by the 
use of intravenous antibiotics. Re- 
moval of the lens and/or vitreous is 
known to affect clearance of various 
drugs from the vitreous cavity.“ The 
pharmacokinetics of intravenous ce- 
fazolin under these surgical condi- 
tions, however, have yet to be de- 
scribed. 

To further address the potential 
therapeutic efficacy of intravenous ce- 
fazolin, we first devised a model of in- 


Effeczs of Inflammation, Repeated Antibiotic Doses, and Surgery 


traocular inflammation using known 
quantities of heat-killed S epidermi- 
dis. We then applied this model to 
evaluate the effects of (1) intraocular 
inflammation, (2) repeated antibiotic 
doses, and (3) surgical status of the eye 
on cefazolin penetration into the vit- 
reous cavity after intravenous admin- 
istration. 


MATERIALS AND METHODS 
Model of iaflammation 


A pilot study was conducted to determine 
the concentration of heat-killed S epider- 
midis required to preduce panuveitis with- 
out irreversible tissue destruction. Inocula 
of a known strain of 5 epidermidis (ATCC 
155) were prepared by three cycles of cen- 
trifugation, discarding the supernatant 
broth, and washing in €.9% saline to ex- 
clude broth as a possible inflammatory 
stimulus. Dilutions ranging from 16° cells 
per milliliter to 10” eells per milliliter were — 
prepared and adjusted spectrophotometri- — 


cally. Inocula were heated to 80°C in vacu- 
tainers for 20 minutes te produce heat- — 
killed staphylococci. This was confirmed by ` 


sterile cultures. Representative samples 
were examined microscopically to ‘ensure 
that cell walls were intact. 

Three groups of eves were studied: phak- 
ic, aphakic, and aphakic/ vitrectomized. All 
surgery and intraccular injections were 
performed using general anesthesia with 
intramuscular ketamine hydrochloride (30 
mg/kg) and xylazine hycrochloride (10 mg/ 
kg). Lensectomy was performed by pars 
plana phacoemulsification of the nucleus 
and aspiration of the cortex leaving the an- 
terior lens capsule mtaet. Ocutome vitrec- 
tomy was performee via the pars plana; on 
completion of vitrertomy/lensectomy, the 
anterior lens capswe was removed. Three 
weeks later, all eyes were reexamined to 
ensure that clinica’ postoperative inflam- 
mation had resolved. Inecula containing 
known concentrations of heat-killed S epi- 
dermidis were injecsed in volumes of 0.1 mL 
via a 27-gauge needle into the midvitreous 
cavity of each experimental eye. Control 
eyes were injected with 0.9% saline. All in- 
jections were performed using indirect oph- 
thalmoscopic control following pupillary 
dilation with topica 1% eyclopentolate hy- 
drochloride and 10% phenylephrine hydro- 
chloride. Central retinal artery perfusion 
was observed to reeover rapidly after slow 
injection. Paracentesis was avoided as this 
is known to be an inportant inflammatory 
stimulant in the rabbit. aa 

On the basis of pilot studies, it w $ 
determined that 1€° heat-killed organi 


Vitreous Cefazolin Levels—~Mart 




















could achieve a moderate degree of panu- 
_ veitis in phakic and aphakic eyes while only 
10° organisms were required in aphakic/ 
vitrectomized eyes. To determine the repro- 
ducibility of the model, 81 phakic eyes of 
Dutch-belted rabbits were challenged with 
10° heat-killed cells, 24 aphakic eyes were 
challenged with 10° cells, and 36 aphakic/ 
vitrectomized eyes were challenged with 10° 
cells. Control eyes were injected with 0.9% 
saline. Observations of the intraocular in- 
flammatory response were recorded at 6 
hours, 24 hours, 48 hours, 4 days, and 7 days. 
Anterior chamber cell and flare were as- 
sessed by slit-lamp examination and scored 
on the conventional 1+ to 4+ scale. Poste- 
rior uveitis was assessed by indirect oph- 
thalmoscopy. Vitreous haze was scored on a 
seale from 0 to 4 (0, absent; 1, loss of nerve 
fiber layer detail; 2, blurring of the raphe 
margin; 3, blurring of the raphe vessels; and 
4, obscuration of the raphe). This scoring 
was adapted from the standardization of 
vitreal inflammation described by Nussen- 
blatt et al.* Engorgement of the raphe ves- 
sels was scored on a seale of 0 to 4 (0, absent; 
1, diseernibly dilated; 2, moderately dilated; 
3, massively dilated; and 4, massively di- 
lated with hemorrhages). Agreement on 
grading was confirmed by two independent 
observers (T.A.M. and L.A.F.) during the 
pilot studies. Typical examples of the eyes 
with induced panuveitis were enucleated 
and fixed in 10% formalin. Sections were 
-prepared for routine light microscopy with 
hematoxylin-eosin stains. 


Fiare 
1.9 + 0.7 
{n = 58) 
28+ 0.5 
(n = 24) 
2.7 + 0.7 
(n = 36) 


Phakic eyes, 


10° organisms /0.1 mL 
Aphakic eyes, 

10° organisms /0.1 mi 
Aphakic / vitrectomized 

eyes, 10’ organisms /0.1 mL 


Cefazolin Levels After Intravenous | 
injection 

Forty New Zealand albino rabbits (80 
eyes} were divided into two experimental 
groups: phakic eyes (group 1, 12 rabbits/24 
eyes) and aphakic/vitrectomized eyes 
(group 2, 28 rabbits/56 eyes). Group 2 rab- 
bits underwent pars plana vitrectomy/ 
lensectomy in both eyes at least 3 weeks 
prior to initiation of the study. All eyes 
were reexamined and confirmed to be with- 
out evidence of residual intraocular inflam- 
mation on the day the study began. 

Using the above protocol, intraocular in- 
flammation was induced in one eye of each 
rabbit while the fellow eye remained as a 
noninflamed control. Phakic eyes (group 1) 
received a midvitreous injection of 10° heat- 
killed S epidermidis organisms, while apha- 
kic/vitrectomized eyes (group 2) received 
10’ of the same heat-killed cells. Twenty- 
four hours later, intraocular inflammation 
was confirmed. 

Intravenous cefazolin sodium (Kefzol), 50 
mg/kg, was administered every 8 hours for 
48 hours. Phakie (group 1) rabbits were 
killed 1 hour after administration of the 
initial (0-hour), 24-hour, and 48-hour doses 
to determine peak cefazolin levels in the 
vitreous cavity. Anterior chamber paracen- 
tesis using a 25-gauge needle mounted on a 
disposable l-mL tuberculin syringe was 
performed removing 0.15 mL to 0.2 mL from 
each eye for assay of aqueous drug levels. 
Aphakic/vitrectomized (group 2) rabbits 
were killed 1, 2, 4, and 6 hours after the ini- 


16+ 0.6 

(n = 58) 
2622+208 

(n = 24) 
2.9 + 06 

{n = 34) 


22 + 0.6 
{n = 58} 

2.8 + 0.7 
(n = 18) 

28203 
(n = 35) 





* Numbers in parentheses indicate numbers of observations. 


Fig 1.—Vitreous cefazolin levels in phakic eyes after intravenous dos- 


ing every 8 hours. 





25 
~~ inflamed 

20. 
o 15 | 
E o 
g 
© 
N : 
Ri 10 ; 
3 

Hours 
412 Arch Ophthalmol—Vol 108, March 1990 


~E Noninfiamed 





tial (0-hour) dose as well as 1 hour after the 
24-hour and 48-hour doses. The additional 
sampling times (2, 4, and 6 hours) were 
added to observe any possible effects of in- 
flammation on the elimination of cefazolin 
from the vitreous cavity. No “aqueous” 
sampling was performed, as these eyes had 
been surgically converted to a single fluid- 
filled cavity. 

After the rabbits were killed, all eyes 
were immediately enucleated, frozen in liq- 
uid nitrogen, and stored at ~70°C. Vitreous 
samples were obtained by dissection of the 
frozen eyes as described by Abel and 
Boyle.” Microbiological agar diffusion as- 
say was performed by Eli Lilly and Co Lab- 
oratories, Indianapolis, Ind, using Eschert- 
chia coli MB 3804 as the test organism to 
determine the cefazolin level of each aque- 
ous and vitreous sample. 


Serum Cefazolin Levels 


A separate group of rabbits (n = 10) re- 
ceived a single 50-mg/kg bolus of intrave- 
nous cefazolin sodium. Blood samples were 
drawn at approximately 15, 30, 45, and 60 
minutes and sent for assay of serum drug 
levels. 

All animals were maintained and used in 
accordance with the Association for Re- 
search in Vision and Ophthalmology reso- 
lution on the use of animals in research. 


Statistical Anatysis 


Statistical significance was determined 
using Student’s ¢ test. At least four in- 
flamed and four noninflamed eyes were 
sampled for each time interval listed. Given 
this relatively small sample size for each 
category under consideration, a nonpara- 
metric rank-sum test was also performed, 
which vielded results similar to those of the 
t test. The ¢ test values are those reported 
throughout the text. 


RESULTS 
Model of Inflammation 


No acute inflammatory response was ob- 
served in phakic eyes injected with either 


Fig 2.—Vitreous cefazolin levels in aphakic/vitrectomized eyes after 


intravenous dosing every 8 hours. 
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“Values are the mean. 
+Values are singe values from pooled samples. 





0.9% saline or with fewer than 10° heat- 
killed organismes. Variable inflammation 
was induced by injections of 10° to 10° bac- 
teria. A reprodurib:e response was obtained 
with 10° erganiems. Intraocular inflamma- 
tion peaked by 24 heurs. and was maintained 
for at least 4 days. The scores for inflam- 
mation a 24 heurs are shown in Table 1. 
The mean scores and their SDs are tabu- 
latec for anterior chamber flare and cells, 
vitreous haze, anc raphe vessel engorge- 
ment. Where feztures were not visible, they 
were not scored. 

Iniammatior in phakic eyes was mild in 
the anterior segment and moderate in the 
posterior segment. Aphakic eyes showed 
more severe inflammation with a small hy- 
popyon ( <5% Jia 30% of cases. A phakic/vit- 
rectemized eyes were so severely inflamed 
by LY organisms, with hypoteny and total 
hypepyor, that. the concentration was re- 


yk duced by 2 log units to-10” heat-killed orga- 


nisms te echieve comparable inflammation. 


Cefazolin Levels After Intravenous 
Injection 


Phakic Evyes:—inflamed eyes demon- 
strated significantly higher vitreous drug 
leveis than neninflamed controls at all 
times sampled {Fw 1, Table 2). One hour 
after intravenous injection, vitreous levels 
were 3.0 mg/L.in inflamed eyes vs unde- 
tectable in noninflamed eyes (P < .01). Re- 
peated antibiotic doses resulted in a pro- 
gressive increese in intraocular levels in 
inflamed-eves only: 3.0 mg/L at 1 hour, 6.3 
mg/L.at 25 hours ¢1-heur vs 25-hour levels, 
P < hand 10.6 mg/L at 49 hours (1-hour 
vs 49-hour leveis, 2 < 02). Levels in nonin- 
flamed -eantrols remained undetectable. 

Agweous samples were pooled within 
each group to achieve avolume sufficient for 
assay. This resulted in the generation of a 
single data porat for each category under 
consideration. Aqueous levels were much 
higher than vitreous levels and appeared to 
demonstrate the same striking difference 
between inflamed and noninflamed eyes as 
their vitreous eounterparts (Table 2). 

Aohakic/Vitrectemized Eyes.— Vitreous 
drug levels in wnflamed eves were not sig- 
nificantlr different from levels in nonin- 
famed centrols at 1 hour—6.7 mg/L in in- 
flamed eves vs 4.2 mg/L in noninflamed eyes 
(P > 1). Six hoars after the initial intrave- 
nous bolus, leveis in inflamed eyes remained 
essentially unchanged at 6.3 mg/L while 
levels. in noninflamed eves had decreased to 
2.6 mg/L (P <.01), suggesting decreased 
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Noninflamed, 
mg/L 


Undetectable (< 1.0) 
Undetectable (< 1.0) 
Undetectable (< 1.0) 


elimination of drug from the vitreous cav- 
ity in inflamed eyes (Table 3). Repeated 
doses of cefazolin resulted in a progressive 
increase in intraocular levels in inflamed 
eyes only: 6.7 mg/L at 1 hour, 19.0 mg/L at 
25 hours (1-hour vs 25-hour levels, P < .01), 
and 24.9 mg/L at 49 hours (1-hour vs 
49-hour levels, P< .001). Virtually no 
changes in levels were observed in nonin- 
flamed eyes: 4.2, 3.9, and 2.1 mg/L at 1, 25, 
and 49 hours, respectively (Fig 2). 

Drug levels at 49 hours were significantly 
higher in inflamed aphakic/vitrectomized 
eyes (24.9 mg/L) than in inflamed phakic 
eyes (10.6 mg/L) (P < .01). 

Serum Cefazolin Levels.— Following a sin- 
gle intravenous bolus (50 mg/kg), serum 
cefazolin levels in the rabbit were 161 mg/L 
at 9 minutes, gradually falling to approxi- 
mately 15 mg/L at 60 minutes (Fig 3). These 
peak values are comparable with those in 
humans following a l-g intravenous dose.” 


COMMENT 


To our knowledge no standardized 
model of intraocular inflammation has 
previously been used to study basic 
pharmacokinetic parameters of anti- 
biotic penetration into the vitreous 
during the treatment of endoph- 
thalmitis. Most recent studies utilize a 
model of infective endophthalmitis by 
injecting live bacteria into the vitreous 
cavity.” The use of living organ- 
isms presents problems of reproduc- 
ibility since inocula contain viable and 
nonviable bacteria that coexist in 
varying proportions. This is com- 
pounded by variations in the virulence 
of the organisms and their suscepti- 
bility to the antimicrobial agent under 
study. The use of dead cells eliminates 
these variables and in our study re- 
sulted in a highly reproducible model 
of intraocular inflammation as indi- 
cated by the small SDs of scores for 
both anterior and posterior inflamma- 
tion (Table 1). 

The effect of inflammation in our 
study groups consistently resulted in 
increased cefazolin penetration into, 
and decreased elimination from, the 
vitreous cavity. The finding of de- 
creased elimination in inflamed eyes 
was consistent with our previous re- 
port of decreased drug elimination 
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Fig 3.— Serum cefazolin levels following a 
50-mg/kg intravenous doss. 


from the vitreous cavity following di- 
rect intravitreal injec-ion in inflamed 
eyes.” Inflammation kas been shown 
to prolong the ha-f-lie of penicillins 
and 6-lactam antibiot:cs in the vitre- 
ous. These drugs are thought to be 
eliminated from the v treous by a ret- 
inal pump mecharism similar to that 
in the central nervous system. In- 
flammation, then, has ¿he dual effect of 
increasing the ‘“leakiness” of the 
blood-retinal barrier (permitting 
greater penetraticn azross the blood- 
retinal barrier into tie eye) and de- 
creasing the rate of e imination from 
the vitreous cavity by .nterfering with 
or damaging the retinal pump mecha- 
nisms that eliminate these drugs. 
Aminoglycoside antibiotics, in con- 
trast, are thought to ke eliminated by 
an anterior route with inflammation 
having the opposite effect of enhancing 
drug clearance.” 

Surgical manipulation of the eye 
was also shown to effect drug levels in 
the vitreous cavity. InJamed aphakic/ 
vitrectomized eyes demonstrated sig- 
nificantly higher leveis than inflamed 
phakic eyes at 25 ane 49 hours. This 
finding may not be-ent rely unexpected 
for the following reasens: Vitrectomy/ 
lensectomy results in “he surgical con- 
version of the eye te a single fluid- 
filled cavity. A large proportion of this 
fluid is almost certairly aqueous, an 
cefazolin is known t» penetrate th 
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aqueous better than the vitreous.” 
This anterior route of drug entry into 
the eye via the aqueous, then, is likely 
to contribute significantly to measured 
levels in the vitreous cavity of the 
aphakic/vitrectomized eye. Removal 
of vitreous may also eliminate an im- 
portant mechanical barrier to the in- 
ward diffusion of antibiotic posteriorly 
from the choroidal and retinal vascu- 
lature. 

Virtually all studies to date measur- 
ing vitreous drug levels after intrave- 
nous injection have reported ex- 
tremely low or undetectable values af- 
ter a single intravenous dose. Clinical 
usage, however, entails repeated intra- 
venous doses on a regular schedule 
usually for a period exceeding 48 to 72 
hours. The question remains, then, as 
to whether multiple antibiotic doses 
result in incremental changes in vitre- 
ous drug levels. In our study, repeated 
antibiotic doses, coupled with the ef- 
fects of inflammation, resulted in a 
progressive increase in vitreous cavity 
drug levels in inflamed eyes only. Final 
levels achieved at 49 hours were well 
above the minimum inhibitory concen- 
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tration for most organisms termed 
sensitive to cefazolin. 

Current therapeutic regimens for 
endophthalmitis include the direct in- 
travitreal injection of antibiotics. This 
results in initial intraocular levels 
that are extremely high— many multi- 
ples above the minimum inhibitory 
concentration. These levels decline 
rapidly, however, within a 48-hour pe- 
riod to levels that may be insufficient 
to combat the microorganism.” Multi- 
ple intravitreal injections are undesir- 
able and may confer a greater risk of 
cumulative retinal drug toxicity.” The 
ability to increase vitreous drug levels 
intravenously over a 48-hour period, 
then, may have important clinical sig- 
nificance. As intraocular antibiotic 
levels decline after the intravitreal in- 
jection, levels derived from the sys- 
temic circulation gradually increase as 
multiple doses are administered. By 48 
hours, the cumulative rise should be 
sufficient to provide significant cover- 
age at a time when the intravitreal in- 
jection has declined below useful min- 
imum inhibitory concentration levels. 
This time course is also favorable, 
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given that culture and sensitivity re- 
sults are usually available in 48 hours. 
A judgment can then be made based on 
these sensitivity results as to whether 
to continue intravenous cefazolin, re- 
peat the intravitreal injection, or 
change to a different intravenous drug. 
The extrapolation of data derived 
from animal studies to human subjects 
has potential limitations. While we 
recognize that pharmacokinetics in 
rabbits and humans may not be iden- 
tical, our data would suggest that re- 
peated doses of intravenous cefazolin 
may play an important adjunctive role 
in the treatment of endophthalmitis. 


This study was supported by grant ROI 
EY05794 from the National Eve Institute, Bethes- 
da, Md, grant P30 EY06360 from the National In- 
stitutes of Health, Bethesda, and a departmental 
grant from Research to Prevent Blindness Inc, 
New York, NY. 

The authors have no commercial or proprietary 
interest in Kefzol. 

We are grateful to Donald Ahearn, PhD, 
Michael Miller, PhD, and Anil Sawant, PhD, 
Georgia State University, Atlanta, for their as- 
sistance in the preparation of the microbiological 
inocula and to the Eli Lilly and Co Laboratories, 
for performing the microbiological agar diffusion 
assays. 


27. Physicians’ Desk Reference. 43rd ed. Orad- 
ell, NJ: Medical Economics Co; 1989:1187. 

28. Schenk AG, Peyman GA. Lincomycin by 
direct intravitreal injection in the treatment of 
experimental bacterial endophthalmitis. Graefes 
Arch Clin Exp Ophthalmol. 1974;190-281-291. 

29. Barza M, Kane A, Baum J. Oxacillin for 
bacterial endophthalmitis: Subconjunctival, in- 
travenous, both, or neither? Invest Ophthaimol 
Vis Sei. 1980;19:1348-1354, 

30. Barza M, Kane A, Baum J. Ocular penetra- 
tion of subconjunctival oxacillin, methicillin, and 
cefazolin in rabbits with staphylococcal endoph- 
thalmitis. J Infect Dis. 1982:145:899-903. 

31. Barza M, Kane A, Baum J. The effeets of in- 
fection and probenecid on the transport of ear- 
benicillin from the rabbit vitreous humor. Invest 
Ophthalmol Vis Sci. 1982-22:720-726. 

32. Kane A, Barza M, Baum J. Penetration of 
ocular tissues and fluids by moxalactam in rabbits 
with staphylococeal endophthalmitis. Antimicrob 
Agents Chemother, 1981:20:595-599. 

35. Fisher JP, Civiletto SE, Forster RK. Toxic- 
ity, efficacy, and clearance of intravitreally in- 
jeeted cefazolin. Arch Ophthalmol. 1982:100:650- 
652. 

34. Kasbeer RT, Peyman GA, May DR, Homer 
PI. Penetration of amikacin into the aphakic eye. 
Graefes Arch Clin Exp Ophthalmol. 1975:196:85- 
94. 

35. Peyman GA, May DR, Homer PI, Kasbeer 
RT. Penetration of gentamicin into the aphakic 
eye. Ann Ophthalmol, 1977-9:871-880, 

36. Barza M, Kane A, Baum J. Pharmacokinet- 
ies of intravitreal carbenicillin, cefazolin, and 
gentamicin in rhesus monkeys. Invest Ophthalmol 
Vis Sci. 1983:24:1602-1606. 

37. Kane A, Barza M, Baum J. Intravitreal in- 
jection of gentamicin in rabbits: Effect of inflam- 
mation and pigmentation on half-life and ocular 
distribution. Jnvest Ophthalmol Vis Set. 1981; 
20:593-597. 

38. Oum BS, D'Amico DJ, Wong KW. Intravit- 
real antibiotic therapy with vancomycin and ami- 
noglycoside: an experimental study of combina- 
tion and repetitive injections. Arch Ophthalmol. 
1989;107:1055-1060. 


Vitreous Cefazolin Levels— Martin et al 














Bovine Retinal Explants Cultured in Collagen Gels 


A Model 








Joha Y. Porresier, ME 


9; Aileen Chapman, PhD; Caroline Kerr, PhD; 


Julia Roberts, PhD; William R. Lee, MD; John M. Lackie, PhD 


è We nave cevaloped a model system 
for studying proliferative retinopathy in 
vitrousing bovine retinal explants cultured 
in collagen gels. Cellular outgrowth from 
retinal expiants occurred after 7 days as 
single celis from peripapillary explants or 
as celisheets and tubular outgrowths from 
peripheral retinal expiants. Single cell out- 
growths were shewn immunohistochemi- 
cally to be endothelial cells or macro- 
phages; sheetlike and tubular outgrowths 
alse constituted cords of endothelial cells 
with stromal macrophages, but in addition 
glia: cells were-cicsely:associated with the 
endothelial ceils. Cellular outgrowths 
were preceded by extensive macrophage 


 actwation within the ischemic retinal ex- 


plant, suggesting that macrophage- 


derived angiogenic factors may be impor- 


tant in induciag retinal endothelial cell 
proliferation. in addition, glial cell-derived 
factors may have arole in the development 
of vessellike tubular structures from en- 
dothelial cell cutcrowths. 

(Arech Ophthalmol. 1990; 108:4 15-420) 


he stimul: for cellular migration 
and proliferation within the retina 
are unknown. In proliferative diabetic 
retinopathy, endothelial cell prolifer- 


_ ation and microvessel formation (an- 
— giogenesis) is preceded by widespread 
jschemix damage to the retina. Histor- 


ically, relative tissue hypoxia has been 
suggested as a stimulus for release of 


“angiogenic factor” from ischemic 


retina.: Recent studies have shown 
that retina contains a number of 
angiegenic faetors (retina-derived 
growth factor) that are related to, if 
not identical with, the family of hep- 
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arin-binding growth factors, including 
acidic and basic fibroblast growth 
factor.** The cellular source of retina- 
derived growth factor is unknown, but 
it is thought to be closely associated 
with extracellular matrix molecules, 
particularly basement membrane 
heparan sulfate proteoglycan. 
Similar studies of growth factors. 
related to proliferative vitreoretinop- 
athy have identified cell adhesion-pro- 
moting agents (fibronectin) and plate- 
let release factors (platelet-derived 
growth factor) as important stimuli. 
Platelet-derived growth factor is not 
essential for growth of endothelial 
cells’ and fails to stimulate retinal 
glial cell proliferation.’ In contrast, 
pigmented retinal epithelial cells are a 
major source of (unidentified) growth 
factor for glial cells and pigmented 
retinal epithelial cells but they have no 
effect on endothelial cell growth,’ de- 
spite having the capacity to elaborate 
fibroblast growth factors in vitro.’ 
These in vitro studies do not neces- 
sarily reflect the role of the various 
growth factors in vivo. Attempts to 
model proliferative diabetic retinopa- 
thy-proliferative vitreoretinopathy in 
vivo have been made on numerous oc- 
casions. A reliable model of prolifera- 
tive diabetic retinopathy has not yet 
been achieved, and while significant 
advances have been made with various 
in vivo models of proliferative vitre- 
oretinopathy,’ manipulation of these 
models is difficult and tedious. In re- 
cent studies, our laboratories have at- 
tempted to develop in vitro models of 
proliferative retinopathy” using de- 
fined populations of retinal cells cul- 
tured in or on vitreous gels. In this 
study we describe a model of retinal 
cell proliferation using explanted neu- 
ral retinal dises cultured in collagen 
gels. We believe that the changes ob- 
served resemble those associated with 
retinal ischemia in vivo and are prob- 
ably in part due to the relative hypoxia 
of the culture conditions." Our initial 
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ystem for the Study of Proliferative Retinopathy 


observations have shown that endo- 
thelial cells are a major component of 
these outgrowths anc that their be- 
havior is, in part, determined by the 
site of origin of the retinal explant. 


MATERIALS AND METHODS 
Preparation of Collagea and Fibrin Gels 


Collagen (type I) was prepared from rat- 
tail tendon as described by Elsdale and 
Bard.” All procedures were carried out un- 
der sterile conditions on ice. Nine milliliters 
of collagen stock socution (8 mg mL“) in 
distilled water was brought to a pH of 7.0 by 
the addition of 100 ui, 0.142 mol/L of 
sodium hydroxide. HEPES buffer (4.0 ul, 


1.0 mol/L) and X10 minimum essential me- _ 


dium (0.6 mL) (GMEM, Glasgow modifica- 
tion, Gibeo, Paisley, United Kingdom) were 
added to restore physiolegic ionic strength 
and the solution wag thoroughly mixed. Al- 
iquots (1 mL) were pipetted into each well 
of six-well tissue culture plates (Gibco) and 
the gels were allowed to set at room tem- 
perature. They were then overlaid with 
medium and placed in a 5% carbon dioxide 
incubator at 37°C te equilibrate overnight. 
Fibrin gels (1.0 mL) were prepared from 
stock fibrinogen solation (1 mg/mL, Kabi, 
Stockholm, Sweden), clotted in the presence 
of bovine thrombin (Sigma, United King- 
dom) (0.1 U/mL, 0.2 mL) in similar six-well 
plates. 


Preparation of Retinal Extract 


Bovine retinal extract was prepared from 
freshly enucleated eyes {1 to 2 hours post 
mortem) by a modijcat:on of the method 
described by Glaser et al.? Retinas were 
dissected into sterile HEPES-buffered bal- 
anced salt solution (1 mL per retina) (Gib- 
co) at 4°C and extraeted for 24 hours in the 
cold on an end-over-and rotator. Crude ret- 
inal extract after ultracentrifugation con- 
tained 8 to 9 mg/mL of protein as deter- ` 
mined by Lowry’s method. Extract was 
used immediately or stored at ~20°C. E 


Serum Sampies 


Fetal calf serum was obtained from a 
supplier (Gibco, Paisley, United Kingdom}. 
Human plasma-derived serum was ob- 
tained from healthy volunteers. Blood was 
collected in 3% sodium citrate and centri 
fuged for 15 minutes at 2500 rpm. T 
supernatant plasma was ultrace 


























at 20 000 rpm for 15 minutes and then it was 
defibrinated by exhaustive dialysis against 
HEPES-buffered balanced salt solution 
containing calcium and magnesium. The 
plasma-derived serum was then passed 
through a 0.45-um filter and stored at 
~20°C until required. Diabetic serum sam- 
ples and normal human serum samples 
were prepared from whole clotted blood. 
Fibronectin was prepared from calf serum 
by gelatin affinity chromatography accord- 
ing to the method of Engvall and 
Ruoslahti." 


Preparation of Retinal Explants 


Retinas were dissected out from bovine 
eyes within 1 hour of slaughter and floated 
in a Petri dish containing HEPES-buffered 
balanced salt solution. Using a biopsy nee- 
dle punch, 2-mm-diameter explants of ret- 
inal tissue were cut out and pipetted onto 
the precast collagen or fibrin gels. Four to 
five explants from separate retinas were 
cultured per gel. Initially explants were 
cultured on the surface of collagen gels in 
50-mm tissue culture dishes. In later exper- 
iments, explants from different regions of 
the retina were overlaid with a second layer 
of collagen of fibrin. In both cases the 
appropriate medium with serum samples 
was added and replaced every 3 days. The 
explants were examined daily and photo- 
graphed using an inverted microscope 
(Leitz) with phase-contrast. optics. 


Immunocytochemistry 


At various intervals (4 and 24 hours, and 
at 3, 7, and 14 days), gels with explants were 
fixed in Bouin’s solution for 1 to 2 hours at 
room temperature. The discs of retina and 
the adjacent gel layer were excised, pro- 
cessed intact, and embedded in paraffin 
wax: the impregnated blocks were then bi- 
sected perpendicular to the inner limiting 
membrane of the retina. Sections were 
stained with hematoxylin-eosin for orien- 
tation and cell identification. Serial sec- 
tions were stained by the labeled antibody 
(PAP) immunoperoxidase technique for 
identification of the following: factor VHI- 
related antigen (antibody from Dako, 
Copenhagen, Denmark); actin (Miles, 
Slough, United Kingdom), glial fibrillary 
acidic protein (GFAP) and vimentin (Am- 
ersham, Kent, United Kingdom), and a,- 
antichymotrypsin (Dako). The assessment 
of the immunohistochemical findings was 
made by one of us (W.R.L.) on coded sec- 
tions without knowledge of the experimen- 
tal details. 

Rabbit Anti-Factor VHE (Dako).— Anti- 
serum was diluted 1:1000 in 5% (val/vol) 
normal swine serum in phosphate-buffered 
saline at a pH of 7.4 (5% NSS/PBS) and 
sections were incubated for 1 hour at room 
temperature followed by swine anti-rabbit 
immunoglobulins (Dako) diluted 1:50 in 5% 
NSS/PBS and rabbit peroxidase antiperox- 
idase complex (Dako) diluted 1:100 in 5% 
NSS/PBS. 

a,-Antitrypsin (Dako), Rabbit Anti- 
human.— Procedures were similar except 
that the primary antibody was diluted 1:150 
in 5% NSS/PBS and incubation was at 4°C 
overnight. 
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a,-Antichymotrypsin (Dak@, Rabbit Anti- 
human.—Primary antibody was diluted 
1:160 in 5% NSS/PBS and incubated at 4°C 
overnight. 

Vimentin (Dako), Mouse Menoclonal.— Pri- 
mary antibody was diluted 1:60 in 5% 
NSS/PBS and incubated at 4°C overnight. 

GFAP (Amersham), Mouse. Vionoclonal An- 
tibody.— Antibody was diluted 1:5 in 1% bo- 
vine serum albumin in PBS Incubation in 
antibody at 4°C overnight was preceded by 
trypsinization on some tissae samples for 
10 minutes at 37°C. A biotin-labeled second 
antibody and a tertiary peroxidase-conju- 
gated actin/biotin complex were used. Con- 
trols included omission of pr:mary antibod- 
ies for all samples tested and testing of 
preadsorbed primary antibody on known 
positive samples. 

RESULTS 
Phase-Contrast Microscopy 
of Retinal Explaats 

Initially, bovine retinal explants 
were cultured on the survace of type I 
collagen gels and they were studied by 
phase-contrast microsecpy. Various 
factors were found to be essential for 
explant adhesion to the gel surface and 
for eventual cell outgrow:zh. In partic- 
ular, explants required a suitable 
three-dimensional matrx (collagen 
gel or fibrin gel) and the presence of 
serum in the culture medium for ade- 
quate adhesion and eventual cellular 
outgrowth. Outgrowth in this context 
was considered to be the expression of 
migration and proliferation of cells 
from the explant. No outgrowth oc- 
curred from retinal explants cultured 
on tissue-culture plastic, even if the 
dish had been coated wita fibronectin 
or conditioned medium. Even under 
optimal conditions, however, explant 
adhesion to the surface of the gel var- 
ied between 30% and 50%. despite the 
addition of plasma fibrorectin. Since 
variability of this magnitude was 
likely to affect any quantitative data 
that could be derived from this tech- 
nique, attempts were made to ensure 
maximal explant attachment. 

Accordingly, retinal explants (full 
thickness, 2-mm diameter) were cul- 
tured between two layers af type I col- 
lagen gels in six-well tissue culture 
plates (four explants per 5-cm? well). 
At various intervals the explants were 
photographed by phase-contrast mi- 
croscopy. Little change was apparent 
in the explants until several days had 
elapsed, when extensive dissociation of 
the peripheral cells was observed. 

Between 7 and 10 days after explant- 
ing, cell outgrowths were visible; cells 
migrated singly (single cell out- 
growths) from explants taken from the 
posterior pole of the eye around the 
optic disc, while cellular outgrowths 
from peripheral retinal explants oc- 
curred predominantly as sheets of stel- 





late or flat cells (Fig 1). Cell out- 
growths tended to occur in the inter- 
face between the upper and lower 
collagen gels, but cells were also found 
at various levels throughout the gel. 
Outgrowths usually commenced in one 
meridian of the circular explants, but 
they were soon followed by similar 
outgrowths from several areas of the 
explant to produce a generally uniform 
distribution. Dissociated single cells at 
the edges of explants remained 
rounded and phase bright but migrat- 
ing cells adopted polarized morpho- 
logic features (Fig 1, left). Single cells 
frequently overlapped but later devel- 
oped intercellular contacts and two- 
dimensional loop structures (Fig 2, 
left). Flat cells moved out as large 
broad sheets with many projections or 
as radiating sheets from focal regions 
of the explant periphery. These out- 
growths formed radiating branching 
structures that appeared tubelike in 
nature (Fig 2, right). Both types of cel- 
lular outgrowth continued until disso- 
ciation of the retinal explant was com- 
plete or until the experiment was 
stopped. 
Variations in Pattern 
of Outgrowth From Different 
Regions of the Retina 


To determine the regional varia- 
tions in retinal cell outgrowth, ex- 
plants were taken from three areas: (1) 
peripheral retina, (2) equatorial ret- 
ina, and (3) peripapillary retina. A to- 
tal of eight experiments using 332 ex- 
plants from 20 eyes confirmed the ob- 
servation that single cell outgrowth 
occurred mainly from the peripapil- 
lary region, while flat cell outgrowth 
occurred only from the peripheral and 
equatorial regions (Fig 3) (P < .001; x? 
test). Single cells also migrated from 
explants in equatorial and peripheral 
retina, but with time these outgrowths 
were totally masked by flat cells. In 
addition, for optimal flat cell out- 
growth bicarbonate-buffered rather 
than HEPES-buffered tissue culture 
medium was required. 


immunohistochemistry 


Selected explants were fixed and 
processed for immunochistochemistry 
using a range of antibodies (see “Ma- 
terials and Methods” section). During 
the first 4 hours of culture, little 
change had occurred in the morpho- 
logic features of the retinal explants 
taken from peripapillary or peripheral 
retina (Fig 4, top left). Orthogonally 
disposed glial cells within the nerve 
fiber layer stained positively for 
GFAP, while the Miller cells were 
clearly delineated from inner to outer 
limiting membrane with antiactin an- 
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Fig 1.—Left, Migration of spindle-shaped and stellate single cells from peripapillary retinal explant cultured in a collagen gel 
for & days. E indicates explant. Right, Focal outgrowth of a sheet of flat cells from a peripheral retinal explant 7 daws after 
culture in a collagen gel. 





Fig 2. Left, Migration of single cells from peripapillary retinal explant (E). Many cells have made intercellular contacts and 


have oriented toward each other to form looped structures (arrows). Right, Tubelike branching outgrowth from peripheral ret- 
inal expiant. Note close association with dissociated round cells (arrow). 


tiserum. Some vimentin-positive cells 
were visible m the inner retina in some Flat Cell 
photereceptor inner segments. Vascu- O si 
lar endothelium stained poorly for fac- Single Cell 
tor VIIl-related antigen, except when 
the tissue seeticns were preincubated 
with trypsin.Staining for macrophages 
at this stage was uniformly negative. 
After 24 hours, small cells with 
darkly staining nuclei appeared in the 
inner nuclear layer and the ganglion 
cell layer of peripapillary and periph- 
eral retinal explants. These cells 
stained positively for a,-antichymo- 
trypsin (Fig 4, top right), indicating 
that they were macrophages or mac- 
rophagelike cells. These cells were not 
preferentially associated with blood 
vessels, but they appeared to arise 
within the bipolar cell layer. At this 
stage slight dismtegration of the nor- 
mal retinal architecture was noted but Fig 3. Percentage of single cell vs flat cell outgrowths from peripheral (area 1), equatorial (area 
Müller cells and glial cells appeared 2), and peripapillary (area 3) retinal explants. 
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Fig 4. Immunohistochemistry of retinal explants cultured in collagen 
gels. Top left, At 3 hours, peripapillary retinal explant stained with he- 
matoxylin-eosin: normal retinal architecture; bv indicates blood vessel. 
Top right, At 24 hours, peripapillary explant stained for œ,-antichymo- 
trypsin; note positive staining of cells in inner nuclear layer and ganglion 
cell layer. Center left, At 14 days, peripapillary retinal explant stained 
with hematoxylin-eosin; a monolayer sheet of spindle cells lies on the 
inner retinal surface (arrows), continuous with cords of cells emanating 
from a retinal vessel (curved arrow). Note close association of mac- 
rophages with vessels (arrowhead). Upper center right, At 14 days, pe- 
ripheral explant stained for glial fibrillary acidic protein; note positive 
stained small spindle-shaped cells (arrow) in close association with 
larger negatively stained (endothelial) cells (open arrowhead). Lower 
center right, At 14 days, peripheral explant stained for factor VIII anti- 
gen; note cords of positive stained endothelial cells, plus faint staining 
of extracellular matrix indicating deposition of factor VIII antigen in the 
matrix. Bottom right, At 14 days, peripheral explant stained for &,-anti- 
chymotrypsin; note positively stained large rounded macrophages 
(straight arrow) in close association with negatively stained endothelial 
cell cords (curved arrowhead). 


418 Arch Ophthalmol—Vol 108, March 1990 









Bovine Retinal Explants—Forrester et al 











similar to those seenat 4 hours. Factor 
Viil-related staining of blood vessel 
endcthelum was generally weak but 
increased considerably when the tis- 
sue was pretreated with trypsin. 
After 3 days cf culture, significant 
cellular damage had occurred within 
the retinal explants, but retinal vascu- 
lar cells remamed healthy, even show- 
ing an increase in number. In many 
prominent small capillaries the endo- 
thelium stained positively for factor 
Vill-related antigen, especially after 
trypsin treatment, but the endothelial 
cells in larger vessels expressed rela- 
tive:y less factor VHI. Müller cells in 
peripapliary retinal explants showed 
considerable degeneration with cell ly- 
sis. Glia. celle remained prominent in 
the ganglion cell layer. The most strik- 
ing feature, however, at this stage was 
the large increase in the number of 
a,-antichymotrypsin-positive cells. 
These cells had become rounded and 
were distributed predominantly in the 
bipclar and ganglion cell layers. 
After 7 days of culture, extensive 
autolysis had oceurred throughout all 
retinal layers, but photoreceptor outer 
segments were still identifiable. Actin 
stain revealed extensive Müller cell 
fragmertation, while glial cells also 
appeared to be undergoing autolysis in 


l ~  peripapillary explants. In contrast, 


retinal vascular endothelial cells had 
not only survived but also appeared to 
have increased in number. Numerous 
small branching capillaries with 
sprouting or emigrating cells were dis- 
tributed throaghout the inner retinal 
layers. These cells stained strongly for 
factor VIll-related antigen and were 
frequently seen in close association 
with large foamy macrophages. Factor 
Vili-related antigen-positive cells 
were also observed as spindle-shaped 
single cells that aad migrated from the 
expiant into the collagen gel. Other 
migratory single cells stained for a,- 


“«° antichymotrypsin (macrophages). In 


peripheral retinal explants glial cells 
survived in addition to endothelial 
cells and some radial outgrowths from 
these explants stained positively for 
GFAP (see below). 

After 14 cays of culture, the ex- 
planted peripapillary retina was re- 
duced to a thin strip of amorphous 
eosinophilic material containing clus- 
ters of pyknotic nuclei and nuclear 
remnants. Endothelial cells had con- 
tinued to survive within the vessel wall 
anc hac proliferated within the adja- 
cent tissue. The collagen gel had ac- 
quired a monolayer sheet of spindle 
cells on the inner retinal surface at the 
interface wita the collagen gel (Fig 4, 
center left). In seme sections, this 
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layer was continuous with cords or 
columns of cells emanating from dis- 
crete retinal vessels. In addition, the 
latter cells stained positively for factor 
Vill-related antigen. Numerous other 
cells also stained positively for factor 
Vill-related antigen, including many 
spindle-shaped cells that had mi- 
grated from the monolayer of cells in 
the explant into the collagen gel. A 
characteristic feature of the explants 
at this stage was the close association 
of large numbers of giant macro- 
phages with the monolayer on the in- 
ner surface of the gel (Fig 4, center 
left). Some single migratory cells 
within the collagen gel also stained 
positively for a,-antichymotrypsin, 
but such cells had rounded morpho- 
logic features compared with the fac- 
tor VIII-positive migrating spindle 
cells. Vimentin staining was also pos- 
itive in some migrating spindle cells. 

In peripapillary explants glial cells 
had all but disappeared by this stage 
(GFAP stain negative) while occa- 
sional remnants of Miiller cell debris 
were still visible (actin stain). How- 
ever, in peripheral retinal explants 
some of the radiating outgrowths 
stained positively for GFAP, ie, they 
probably contained glial cells under- 
going proliferation (Fig 4, upper center 
right). Many of the tubelike struc- 
tures, however, stained positively for 
factor VIII (Fig 4, lower center right), 
indicating that they were endothelial 
in origin. In addition the surrounding 
extracellular collagenous matrix 
stained variably for factor VIII anti- 
gen, indicating that the endothelial 
tubelike structures were secreting an- 
tigen into the matrix, as has been 
reported for endothelial cells in 
culture." The surrounding matrix also 
contained large numbers of round 
macrophagelike cells in close associa- 
tion with the migrating endothelial 
cells (Fig 4, bottom right). 


Effects of Different 
Serum Samples on Morphologic 
Changes in Retinal Explants 


The changes that occurred in cul- 
tured retinal explants were qualita- 
tively the same irrespective of the na- 
ture of the serum samples in which 
they were cultured (plasma-derived 
serum, normal human serum, diabetic 
serum samples of various types, fetal 
calf serum), although the extent of cell 
outgrowth appeared less in plasma- 
derived serum. Macrophage activation 
also appeared somewhat reduced in 
explants cultured in plasma-derived 
serum compared with normal human 
serum or diabetic serum. Explants cul- 
tured in fetal calf serum contained 
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giant macrophages similar to other | 


explants but that failed to express _ 
macrophage markers. This may have > 


been artifactual since fetal calf serum 
has been shown to inh: bit the expres- 
sion of a variety cf macrophage 
markers." 


COMMENT 


This study describes the prolifera- 
tion and migration of retinal cells in 
bovine retinal explants maintained in 
collagen gels, thereby simulating the 
vitreoretinal interface. Provision of a 
collagen (or fibrin) gel plus serum was 
essential for cellular outgrowth. In 
addition, outgrowth d:d not occur for 
several days, by which time there was 
extensive retinal ischemia and cell 
death, particularly of neuronal and 
glial, including Mii ler,cell elements at 
least in peripapillary explants. Glial 
cells survived better im peripheral ex- 
plants and made a mocerate contribu- 
tion to the radial outgrowths seen with 
these explants. The absence of a reti- 
nal circulation ard tne relative hy- 
poxia of tissue culture systems 
generally," despite appropriate ambi- 
ent conditions, urdoubtedly contrib- 
uted to the extensive neuronal cell 
death. 

An obvious question is the charac- 
terization and origin cf cells that pro- 
liferated in the explants, since those 
cells that survive in calture may well - 
be the most likely te survive in is- 
chemic tissue in vivo The histologic 
and immunohistechemical evidence 
suggests that, in explants from the 
peripapillary/postericr region of the 
eye, endothelial cells and to a lesser 
extent macrophages proliferated and 
migrated as single cells (Fig 1, left). 
Endothelial ceils also proliferated and 
migrated from peripheral explants, 
but under these eoncitions the cells 
migrated as continuous radiating 
cords or sheets of cells and formed 
branching tubelike structures (Fig 2, 
right). Similar tubelibe structures de- 
veloping from isolated nonretinal en- 
dothelial cells embedded in collagen 
gels have been reported by other work- 
ers, and this process has been de- 
scribed as in vitro argiogenesis.”” As 
indicated above, glial cell elements 
were observed within these radiating 
endothelial cell cords and it is possible 
that the glial cells promoted the for- 
mation of the tubeike structures, 
since glial cells have been shown to in- 
fluence the morphogenesis of vessels in 
the developing retina.’* In contrast, 
where glial cell outgrcwth was absent, 
as in the peripapillary explant, endo- ©- 
thelial cells behaved as single cellsand . 
failed to form tubelike structures. 























The most striking change that oc- 
curred within peripapillary explants 


. owas the activation and proliferation of 


macrophagelike cells. Most of these 
cells presumably arose from endoge- 
nous retinal cells (microglia) that are 
known to be liberally distributed 
throughout the retina.” Previous 
studies have shown that a subpopula- 
tion of “horizontal” cells within the 
bipolar cell and ganglion cell layers 
stain positively with a macrophage- 
specific monoclonal antibody”! and it 
is possible that these cells represent 
quiescent endogenous tissue macro- 
phages or microglia that have the ca- 
pacity to become “activated” and pro- 
liferate under conditions of retinal in- 


1. Ashton N. Retinal neo-vaseularization in 
health and disease. Am J Ophthalmol. 1957;44:7- 
17, 

2. D'Amore PA, Klagsburn M. Endothelial cell 
mitogens derived from retina and hypothalamus: 
biochemical and biological similarities. J Cell 
Biol. 1984;99:1545-1549. 

3. Baird A, Esch F, Gospodaroviez D, Guillemin 
R. Retinal and eye derived endothelial cell growth 
factors: partial molecular characterization and 
> identity with acidic and basic fibroblast growth 

factors. Biochemistry. 1985;24:7855-7860. 

4, Lobb R, Sasse Y, Sullivan R, et al. Purifica- 
tion and characterization of heparin-binding en- 
. dothelial cell growth factors. J Biol Chem. 


O 4986:261:1924-1928, 


5. Yeo JH, Sadegli J, Campochiaro PA, Green 
WR, Glaser BM. Intravitreous fibronectin and 
platelet-derived growth factor: new model for 
traction retinal detachment. Arch Ophthalmol. 
1986;104:41 7-422. 

6. Bowman PD, Betz AL, Goldstein GW. Pri- 
mary culture of micro-vascular endothelial cells 
from bovine retina. Jn Vitro. 1982;18:626-632. 

T. Burke JM. Cultured retinal glial cells are in- 
sensitive to platelet-derived growth factor. Exp 
Eye Res. 1982:35:663-669. 

8. Bryan JA, Campochiaro PA. A retinal pig- 
ment epithelial cell derived growth factor. Arch 
Ophthalmol. 1986;104:422-425. 

9. Schwiegerer L, Malersteini B, Neufield G, 
Gospodarowiez D. Basic fibroblast growth factor 
is synthesized in cultured retinal pigment epithe- 


420 Arch Ophthaimol—Vol 108, March 1990 








jury or ischemia. During development, 
emergence of microglia (or macro- 
phages) in avascular retina is associ- 
ated with extensive neuronal cell 
death, similar to the events that are 
reported in this in vitro study, and it 
has been suggested that these cells are 
endogenous retinal cells and are not 
necessarily blood borne.” In this study, 
these cells phagocytosed neuronal and 
astrocytic debris and became associ- 
ated with proliferating endothelial 
cells. This association of microglia/ 
macrophages with sprouting capillar- 
ies occurred at all stages of develop- 
ment. Macrophages are a rich source of 
growth factors, including angiogenic 
factors such as fibroblast growth 
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è We have usad the electron micro- 
scopic Immuroceld technique to localize 
precisely varicus extracellular matrix com- 


ponents in human retinal vessels and 
Bruch’ssmembrane. Collagen types IV and 
V, laminin, and heparan sulfate proteogly- 
‘car core protein were localized in base- 
‘ment membranes of retinal capillaries. In 
adcition to the capillary basement mem- 


brane components, collagen types | and Il 
anc fibronectin-were found in the base- 
ment membranes of retinal arterioles and 
venules: The bkesement membranes of 
cheriocapillanes and retinal pigment epi- 
theiiai cells in Bruch’s membrane also 
shcwed.a simia: distribution of the retinal 
capillary basement membrane compo- 
nenis. Both the: inner and outer collage- 


nous layers of Bruch’s membrane con- 
tained collagen types | and Ill along with 
ae fibronectin, whereas collagen type VI was 
“mostly /imitec tothe central elastic lamina. 
The precise localization and distribution of 
various: extracellular matrix components 
in tuman retinalwessels and Bruch’s mem- 
"brane may bedmportant for understanding 


their nermal fanczion as well as their alter- 
ation ir disease. 
(Arch Ophthalmol. 1990; 108:42 1-429) 
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Basement membranes (BMs) are 

compact, microscopically and ul- 
trastructurally homogeneous appear- 
ing extracellular matrices that under- 
lie epithelial and endothelial cells. 
They provide structural support for 
the overlying cell layer as well as a site 
for cellular attachment.' The composi- 
tion of BMs is unique as they contain 
specific collagenous and noncollage- 
nous proteins and proteoglycans. The 
major collagenous component is colla- 
gen type IV; which provides high ten- 
sile strength and elasticity, and the 
major noncollagenous protein is lami- 
nin, a glycoprotein that is a specific 
cellular attachment protein’ Fi- 
bronectin, another glycoprotein 
present in embryonic BMs, also helps 
in attachment of cells to underlying 
structures.’ The major proteoglycan of 
BMs is heparan sulfate proteoglycan 
(HSPG), the sulfate groups of which 
form a regular array of anionic sites in 
BMs that, in the renal glomerulus, 
seems to provide a filtration barrier.** 
In addition to the filtration function, 
BMs may play an important role in 
controlling proliferation, adhesion, 
and differentiation of the underlying 
cells.’ 

Thickening of BMs is one of the 
well-documented features of diabetic 
microangiopathy, and it involves renal 
glomeruli and capillaries of the skin, 
muscle, ciliary processes, cerebral cor- 
tex, and retina.*” In diabetic retinop- 
athy, such morphologic thickening of 





tructural Localization of Extracellular 
Matrix Components in Human Retinal Vessels 


retinal microvaseular BMs is associ- ~ 


ated with the breakdown of the blood- 


retinal barrier, leading to increased 


permeability or “leakage” 


as evi 


denced by fluorescein angiography. Alb ~ 
terations in the BM macromolecular 
components might be responsible for - 


BM thickening as well as increased 


permeability that oceurs in diabetes." 


Bruch’s membrane, which includes 
the BMs of choriceapillaries and reti- 
nal pigment epithelium (RPE), is an- 
other important structure that is in- 
volved in several ocular diseases in 
humans. It undergces morphologic 
and histologic changes with age.’*° 
Bruch’s membrane may play a role as 
a barrier in prevention of subretinal 
choroidal neovaseularization, an im- 
portant consequence of age-related 
macular degeneration as well as sev- 
eral other diseases of the macula. 
Histologic studies with cationic dyes 
show the presence of anionic sites in 
Bruch’s membrane” and suggest the 
role of Bruch’s membrane as a barrier 


to molecular filtratien, similar to that a 
of the renal glomerulus. If Bruch’s. 


membrane regulates the movement of 


molecules from the choroidal circula- > 
tion to the outer retina, alterations in © 
its composition could have important 


physiologie consequences. 
To study the pethoohysiology of the 
abnormalities in retinal vessel BMs 


and Bruch’s membrane in disease pro- 


cesses, one needs to characterize l 
macromolecules that are pre 








these structures in vivo. Immuno- 
fluorescent and biochemical studies in- 
dicate the presence of collagen types I, 
IV, and V, laminin, and fibronectin in 
bovine'*? and human”! retinal ves- 
sels. Similarly, immunofluorescent 
studies have demonstrated collagen 
types I through V, laminin, fibronec- 
tin, and HSPG in the BM of the chicken 
RPE” and in human Bruch’s mem- 
brane in human eyes.”*** Yet little is 
known about the ultrastructural local- 
ization and distribution of specific 
components of retinal capillary BMs 
and Bruch’s membrane. Components 
of BMs of retinal capillaries have been 
localized in the rat by the electron 
microscopic immunoperoxidase tech- 
nique” that has been further adapted 
to immunogold techniques for quanti- 
tation of BM macromolecules in the 
normal rat retina and their alteration 
in galactosemia.” In this study, we ap- 
plied electron microscopic immu- 
nogold techniques for precise localiza- 
tion of various extracellular matrix 
(ECM) components in human retinal 
vessels and Bruch’s membrane. The 
resolution of this technique allowed us 
to look at the distribution of the indi- 
vidual components in these tissues. 


MATERIALS AND METHODS 
Tissue preparation 


Eye specimens from adult nondiabetic 
donors (age, 66 to 81 years) were obtained 
from the National Disease Research Inter- 
change, Philadelphia, Pa. Eyes were enu- 
cleated within 4 to 6 hours of death, ante- 
rior segments along with the vitreous were 
removed, and posterior eyecups were placed 
in the fixative consisting of 3% paraform- 
aldehyde and 0.5% glutaraldehyde in 0.1 
mol/L of phosphate buffer, at a pH of 7.4, 
for 2 hours. Eyecups were then transferred 
to 0.1 mol/L of phosphate buffer without 
fixative and shipped immediately in capped 
vials on ice to our laboratory. On arrival, 
pieces of posterior segments (extramacular 
area) were washed in 0.5 mol/L of ammo- 
nium chloride solution for 1 hour, and then 
they were dehydrated and embedded in 
resin (LR White, Polysciences Inc, War- 
rington, Pa) according to the protocol of 
Erickson et al.” Blocks were polymerized in 
tightly packed gelatin capsules at 45°C for 
3 days. 


Primary Antibodies 


Antisera (Chemicon International, El Se- 
gundo, Calif) prepared in rabbits against 
collagen types I and III, both extracted 
from human skin, and collagen type IV, ex- 
tracted from human placenta, were used, 
and their specificities were determined by 
radioimmunoassay as documented by the 
supplier. The antiserum (Southern Biotech- 
nology Associates, Birmingham, Ala) pre- 
pared in goats against human and bovine 
collagen type V, purified from placental vil- 
li, was affinity purified and cross adsorbed 
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Fig 1.—Human retinal capillaries immunostained for (a) collagen type IV, (b) laminin, (c) heparan 
sulfate proteoglycan (HSPG) core protein. Labeling is with 15-nm gold particles. Collagen type IV 
is present throughout the basement membrane (BM), whereas laminin and HSPG core protein are 
located mostly over the borders of BMs. E indicates endothelium; P, pericyte; and L, lumen (orig- 
inal magnifications: a, X34500; b, X30 500; and c, X30 500). 


against other human collagen types and has 
been characterized by enzyme-linked im- 
munosorbent assay (ELISA). The rabbit 
antiserum to human laminin (CalBiochem 
Boehring, La Jolla, Calif) shows a single 
precipitin line against human placental ex- 
tract by immunodiffusion. The rabbit an- 
tiserum against HSPG, extracted from the 
murine Englebreth-Holm-Swarm tumor, 
has been purified by adsorption to a column 
of the HSPG core protein coupled to agar- 
ose gel (sepharose CL-4B) and character- 
ized as described elsewhere.*” It recognizes 
only the HSPG core protein, and not lami- 
nin, collagen type IV, or proteoglycan ex- 
tracted from cartilage. The rabbit antise- 
rum against a-elastin, solubilized from bo- 
vine ligamentum nuche elastin, has been 
characterized by ELISA and hemaggluti- 
nation assays, and it does not cross react 
with fibronectin or collagen types I or III. 
The rabbit antiserum to human placental 
collagen type VI (Chemicon International) 


shows a single precipitin line against pla- 
cental extract by immunodiffusion, and the 
rabbit antiserum against human fibronec- 
tin (Chemicon International) has been char- 
acterized by ELISA. 


Electron Microscopic 
Immunocytochemistry 


Ultrathin sections, picked up on uncoated 
200-mesh nickel grids, were floated on drop- 
lets of the blocking solution, 20 mmol/L of 
TRIS-buffered saline (TBS), at a pH of 7.4, 
containing 1% bovine serum albumin 
(BSA) and 5% normal goat or rabbit serum 
(Vector Laboratories, Burlingame, Calif), 
for 30 minutes. Sections were then incu- 
bated on droplets of primary antibodies di- 
luted in TBS, containing 1% BSA, for 2 
hours at room temperature. The following 
dilutions of primary antibodies were used: 
1:100 (a-elastin), 1:60 (collagen types I and 
III and fibronectin), 1:40 (collagen type IV), 
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Fig 3.— Model of humen retinal capillary base- 
ment membrane based on immunogold local- 
ization for different extracellular matrix mole- 
cules. Different symbols represent different 
antigens. Solid circle, collagen type IV; solid 
triangle, laminin; open triangle, heparan sulfate 
proteoglycan core protein; open square, colla- 
gen type V. E indicates endothelium; P, peri- 
cyte; and BM, basement membrane. 


Fig 4.—Human retinal arterioles immuno- 
Fig 2.—a, Human retinal capillary immunostained for collagen type V. Labeling is with 5-nm gold stained for (a) collagea type IV and (b) laminin. 
particles. Arrowheads indicate the locations of gold particles over the basement membrane (BM). Labeling is with 15-nm gold particles. Collagen 
Collagen V is distributed throughout the thickness of the BM. b, Simultaneous localization of col- IV was abundant throughout all the basement 
lagen type IV, as revealed by the large gold particles, 15-nm size (arrows), and collagen type V, membrane (BM) layers, including those of en- 
as revealed by the small gold particles, 5-nm size (arrowheads), over the BM of a human retinal dothelial cells (E) and smooth-muscle cells 
capillary. E indicates endothelium; P, pericyte (original magnifications, X58 500). (SM), whereas laminin was mostly restricted to 
the borders of BMs. E indicates endothelium; L, 
lumen (original magnifications: a, X19 250; 
and b, X15 000). 
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Fig 5.—Human retinal arterioles immunostained for (a) heparan sulfate proteoglycan core protein, 
(b) collagen type V, and (c) fibronectin. Labeling is with 15-nm gold particles (a and c) and 5-nm 
gold particles (b; indicated by arrowheads). Fibronectin was mostly associated with the microfibrils 
present in the outer basement membranes. L indicates lumen (original magnifications: a, X20 000; 


b, X40000; and c, X20 000). 


1:20 (collagen type VI), 1:10 (laminin and 
HSPG core protein), and 1:5 (collagen type 
V). After washes with TBS containing 0.1% 
BSA, grids were incubated on droplets of 
goat anti-rabbit IgG labeled with 15-nm 
gold particles or rabbit anti-goat IgG la- 
beled with 5-nm gold particles (in the case 
of goat anti-rabbit collagen type V) for 1 
hour. Secondary antibodies (Janssen Phar- 
maceutica, Piscataway, NJ) were diluted 
1:20 in TBS, at a pH of 8.2, containing 1% 
BSA. Grids were then washed in TBS con- 
taining 0.1% BSA followed by distilled wa- 
ter, and then they were air dried. Tissues 
were counterstained in uranyl acetate (15 
minutes), lead citrate (5 minutes), and 1% 
osmium tetroxide vapor (overnight). Con- 
trol experiments were performed using 
nonimmune serum samples in place of pri- 
mary antibodies. 

For double labeling, one face of the tissue 
sections was first stained using rabbit anti- 
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collagen type IV antibody and goat anti- 
rabbit IgG, labeled with 15-nm gold as de- 
scribed above. Once this face was immu- 
nostained, grids were dried, and the other 
face of the sections was labeled using goat 
anticollagen type V antibody and rabbit 
anti-goat IgG, labeled with 5-nm gold. Care 
was taken not to wet both sides of the grids 
with the same solution. Sections were coun- 
terstained and examined for simultaneous 
visualization of two different sizes of gold 
particles, each representing a different an- 
tigen. 


RESULTS 
Retinal Capillaries 


Basement membranes of retinal 
capillaries showed a very intense la- 
beling for collagen type IV (Fig 1,a). 
The gold particles were distributed 
throughout the BMs. In contrast, lami- 


nin was found mostly in the lamina lu- 
cida, near both borders of retinal cap- 
illary BMs (Fig 1,b). The intensity of 
labeling with antilaminin was sub- 
stantially less than that with anticol- 
lagen type IV. The immunolabeling for 
HSPG core protein on the BMs of ret- 
inal capillaries was also distributed 
mostly near the margins of BMs (Fig 
1,c). The distribution of labeling with 
collagen type V antibody was patchy in 
nature but localized more centrally in 
the BMs (Fig 2,a). Double labeling us- 
ing antibodies to collagen types IV and 
V showed a codistribution of these two 
antigens throughout the BMs (Fig 2,b). 
However, BMs did not show any label- 
ing for either fibronectin or collagen 
types I or III. No immunolabeling was 
seen in any control preparations. 
Based on our immunolocalization find- 
ings, we have summarized in Fig 3 the 
precise distribution of the different 
ECM macromolecules in retinal capil- 
lary BMs. 


Retinal Arterioles and Venules 


Basement membranes of retinal ar- 
terioles and venules showed strong 
immunostaining for collagen type IV 
(Fig 4,a). Labeling for collagen type IV 
was heavily and evenly distributed 
throughout the thickness of all the 
BMs, including those of endothelial 
cells and smooth-muscle cells. Label- 
ing for laminin was less intense and 
appeared localized more toward the 
borders of BMs (Fig 4,b). All the BMs 
of retinal vessels showed immuno- 
staining for HSPG core protein, and 
the intensity was similar to that seen 
for laminin (Fig 5,a). Although most of 
the HSPG core protein was found to be 
distributed along the borders of the 
BMs, there was also some distribution 
of the protein in the central parts of 
the BMs. Labeling of collagen type V 
was heavy but patchy as seen in retinal 
capillaries (Fig 5,b). Antifibronectin 
immunolabeling was seen mostly in 
the outer BMs of smooth-muscle cells 
with very little labeling on the BMs of 
endothelial cells (Fig 5,c). The mi- 
crofibrils present within the outer BMs 
were associated with fibronectin label- 
ing. These microfibrils were intensely 
stained with collagen I and III anti- 
bodies (Fig 6). As with retinal capil- 
laries, the controls showed no labeling 
in retinal arterioles and venules. We 
have presented in Fig 7 the distribu- 
tion of the different ECM components 
in retinal arteriole (or venule) BMs. 


Bruch’s Membrane 


A characteristic distribution for dif- 
ferent ECM molecules was seen in dif- 
ferent layers of Bruch’s membrane. 
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Fig6—Ħuman retinal arterioles immunostained for (a) collagen type | and (b) collagen type Ill. La- 
beling is with 15-nm gold particles. The microfibrils present in the outer basement membranes of 
vessels were labeled for both antigens (original magnifications: a, X22 800; and b, X20 000). 


Collagen type IV antigen was mostly 
restricted tothe BMs of the choriocap- 
illaris and RPE cells, and the BM of 
chorioeapillaris always showed a 
stronger labeling (Fig 8,a). Occasion- 
ally, seme labeling for collagen type IV 
was also noted within the collagenous 
layers, and this labeling was specific 
and found in all the specimens. Immu- 
nolabeling for collagen type V was al- 
ways seen in the BMs of the chorio- 
capillaris and RPE cells, but, in addi- 
tion, some labeling was also seen in the 
outer and inner collagenous layers of 
Bruch’s membrane (Fig 8,b). As with 
retinal vessels, the labeling density for 
laminin and HSPG core protein was 
far less than that for collagen type IV. 
While laminin was mostly confined to 
the EMs of the choriocapillaris and 
RPE cells, HSPG core protein was 
found not only in these BMs but also in 
the collagenous layers (Fig 9). The 
striated fibrils present in the outer and 
inner collagenous layers of Bruch’s 
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membrane showed strong labeling for 
collagen types I and III (Fig 10). These 
fibrils mingled with those surrounding 
the circumference of the choroidal cap- 
illaries. The central core of fibers of 
Bruch’s membrane stained intensely 
with antibody to a-elastin (Fig 11,a). 
Fibronectin was always associated 
with the striated microfibrils present 
in both collagenous layers (Fig 11,b). 
Immunolabeling for collagen type VI 
antigen was mostly restricted to the 
central elastic zone (Fig 11,c). None of 
the control sections showed any label- 
ing in Bruch’s membrane. Based on 
these immunocytochemical findings, 
we have shown in Fig 12 the precise lo- 
calization of the different ECM mac- 
romolecules in Bruch’s membrane. 


COMMENT 


To our knowledge, this study repre- 
sents the first ultrastructural localiza- 
tion of various ECM components in 
human retinal vessels and Bruch’s 


Fig 7.—Model of human retinal arteriole (or 
venule) basement membranes (BMs) based on 
immunogold localization for different extracel- 
lular matrix molecules. Different symbols rep- 
resent different antigens. Solid circle, collagen 
type IV; solid triangle. laminin; open triangle, 
heparan sulfate proteoglycan core protein; 
open square, collagen type V; striated line, 
collagen type l; dashed line, collagen type Ill. L 
indicates lumen; SM, smooth muscle; and E, 
endothelium. 


membrane. Using immunogold elec- 
tron microscopy, we have demon- 
strated that collagen types IV and V, 
laminin, and HSPG core protein are 
present in the BMs of human retinal 
capillaries. However, we could not de- 
tect the presence of collagen type I and 
fibronectin in retinal capillary BMs as 
reported earlier by our laboratory and 
others in bovine,’ human,”' and rat* 
retinal vessels. Differences in these 
results might be due to the resolution 
provided by our immunogold electron 
microscopic technique that is greater 
than that of the immunofluorescent 
and immunoperoxidase techniques as 
employed in the earlier studies. Dif- 
ferences in fixation and of antibody 
penetration between light and elec- 
tron microscopic immunocytochemical 
techniques may also have affected the 
results. Also, variability in the post- 
mortem times and age groups of do- 
nors in different studies might account 
for the differences in the results. 

In outer BMs of retinal arterioles 
and venules, we demonstrated the in- 
terstitial collagens, types I and III, and 
fibronectin in addition to the regular 
capillary BM components (collagen 
types IV and V, laminin, and HSPG). 
This result is in agreement with previ- 
ous immunoflucreseent studies that 
showed that the walls of larger blood 
vessels elsewhere in the body contain 
collagen types I and III through V.” 
Regarding the presence of fibronectin 
in BMs, contradictory results are 
found in the literature. Basement 
membranes in murine and human 
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Fig 8.—Human Bruch's membrane immunostained for (a) collagen type IV and (b) collagen type V. Labeling 
is with 15-nm gold particles (a) and 5-nm gold particles (b; indicated by arrowheads). All the antigens were 
mostly localized to the basement membranes (BMs) of the choriocapillaris (CC) and retinal pigment epithe- 
lial cells (RPE), although collagen type V was also found in the inner and outer collagenous layers. Occa- 
sionally, collagen type IV could be seen in the collagenous layers. Immunostaining for collagen type IV was 
more intense over the BM of CC than that of RPE cells (original magnifications: a, X27 000: and b, X45 000). 


glomerular as well as in human skin 
capillaries are reported to have no 
fibronectin,*’*! whereas vascular BMs 
in chicken or mouse embryos‘ and 
subepithelial BMs of human small 
intestine*! have been reported to con- 
tain this molecule. It has been sug- 
gested that plasma fibronectin, which 
is different from the cell surface 
fibronectin,” might diffuse into vascu- 
lar BMs and account for the presence 
of this antigen in these structures. 
However, such a possibility seems un- 
likely in retinal vessels that possess a 
barrier function.** Although we could 
not detect fibronectin in human retinal 
capillary BMs, the outer BMs of 
smooth-muscle cells in the media of 
larger retinal vessels were found to 
have fibronectin, which was mostly as- 
sociated with the collagenous fibrils in 
these layers. This location seems un- 
likely to be due to diffusion of fibronec- 
tin molecules from plasma, which 
should promote localization in the en- 
dothelial BM, closer to the vascular lu- 
men. Such an association of fibronec- 
tin with collagenous fibrils has also 
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been recognized in extravascular con- 
nective tissue.” 

Our study shows two characteristic 
patterns of collagen type V localiza- 
tion: codistribution of collagen types 
IV and V throughout the thickness of 
BMs as shown in double immunolabel- 
ing, and localization of collagen type V 
along the striated collagenous fibrils 
present in the outer BMs of smooth- 
muscle cells of larger retinal vessels. 
Codistribution of collagen types IV 
and V has also been reported in kidney 
BMs* and vascular and astrocytic BMs 
of the optic nerve head.” Also, immu- 
noelectron microscopic studies have 
shown localization of collagen type V 
along collagen type I fibrils in the 
cornea.” 

Our study on Bruch’s membrane 
showed the ultrastructural localiza- 
tion of collagen types I and II through 
VI, fibronectin, laminin, and HSPG in 
human Bruch’s membrane. In general, 
these results are in agreement with 
the findings of other authors who 
used light microscopic immuno- 
cytochemistry. >”! One of these 


reports” failed to detect any collagen 
type V in Bruch’s membrane as well as 
in the ECM of RPE cells in culture. 
However, we have consistently shown 
the presence of collagen type V in both 
the BM of the choriocapillaris and of 
the RPE cells as well as in the collag- 
enous layers of Bruch’s membrane. 
The arguments described earlier 
might account for such differences in 
results, in particular because our re- 
sults with electron microscopic immu- 
nolocalization of collagen types I and V 
on BMs are in agreement with those of 
other investigators who used the same 
technique to examine BMs from other 
tissues.: 

Immunostaining for collagen type V 
in the collagenous layers might be due 
to association of this antigen with col- 
lagen type I.* We have found also oc- 
casional labeling for collagen type IV 
in the collagenous layers, and although 
this labeling was sparse, it was specific 
as shown by control studies with non- 
immune serum samples. Whether the 
localization of collagen type IV in the 
collagenous layers is due to aging re- 
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Fig 9.—Human Bruch’s membrane immunostained for (a) laminin and (b) heparan sulfate proteoglycan (HSPG) core proten. Labeling is with 15-nm 
gold particles. Labeling for both these antigens was seen along the basement membranes of the choriocapillaris (CC) anc retinal pigment epithelial 
cells (RPE), although HSPG core protein was also found in the collagenous layers (original magnifications: a, X20 000; and b, X32000). 


Fig 10.—Human Bruch’s membrane immunostained for (a) collagen type | and (b) collagen type Ill. Labeling is with 15-nm jold particles. Both these 
antigens were=localized in the outer and inner collagenous layers. CC indicates choriocapillaris; RPE, retinal pigment ep thelial cell (original mag- 
nifications, X28 000). 
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Fig 11.—Human Bruch’s membrane immunostained for (a) a-elastin, (b) fibronectin, and (c) collagen type 
VI. Labeling is with 15-nm gold particles. a-Elastin was localized to the central zone of Bruch’s membrane. 
Fibronectin was associated with the striated fibers in the collagenous layers, whereas collagen type VI was 
mostly restricted to the elastic zone. CC indicates choriocapillaris; RPE; retinal pigment epithelium (original 
magnifications: a, X27 000; b, X40000; and c, X20 000). 





Fig 12.—Model of human Bruch’s membrane 
based on immunogold localization for different 
extracellular matrix molecules. 1, Basement 
membrane (BM) of retinal pigment epithelium 
(RPE); 2, inner collagenous layer; 3, elastic 
zone; 4, outer collagenous layer; and 5, BM of 
choriocapillaris (CC). Different symbols repre- 
sent different antigens in various layers. Solid 
circle, collagen type IV; solid triangle, laminin; 
open circle, fibronectin; open triangle, heparan 
sulfate proteoglycan core protein; open 
square, collagen type V; striated line, collagen 
type l; dashed line, collagen type Ill; hatched 
area (zone 3), a-elastin; asterisk, collagen type 
Vi. 
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mains unexplained as we could not 
compare with eyes from young donors 
because of unavailability of such spec- 
imens. Basement membranes of both 
choroidal capillaries and RPE cells 
contain collagen types IV and V, lami- 
nin, and HSPG, and thus they are very 
similar to those in the retina and else- 
where in the body. As in retinal capil- 
laries, we could not detect any fi- 
bronectin in these BMs of Bruch’s 
membrane, but we observed abundant 
labeling for fibronectin along the stri- 
ated fibers of both collagenous layers. 
These striated fibers of Bruch’s mem- 
brane also stained positively with an- 
tibodies to collagen types I and III. In 
addition, we found collagen type VI 
mostly in the central elastic core of 
Bruch’s membrane. Collagen type VI 
has been described as thin 5- to 10-nm 
filaments, found exclusively in the in- 
terstitium along with collagen types I 
and III,” and it has been suggested to 
contribute to integration of various 
ECM components into a functional 
unit.” Previous electron microscopic 
studies have shown that the striated 
fibers from the inner collagenous layer 


of Bruch’s membrane are continuous 
through the meshes of the central 
elastic lamina with those in the outer 
collagenous layer."* The localization of 
collagen type VI in the elastic lamina 
suggests that it might help in connect- 
ing the striated collagen fibers of the 
innner and outer layers. 

Alterations in the components of 
Bruch’s membrane have been impli- 
cated in chorioretinal abnormalities. 
Age-related accumulation of collagen 
type I in human Bruch’s membrane 
has been described by immunocy- 
tochemical techniques.** Also, synthe- 
sis of the glycosoaminoglycan, hep- 
aran sulfate, has been reported to be 
increased in eyes with retinitis pig- 
mentosa, macular drusen, and diabetic 
retinopathy,” although another study 
showed a decrease in anionic sites in 
Bruch’s membrane in diabetic rats by 
comparison with controls.” Although 
alterations in the composition of cap- 
illary BMs in diabetes have been 
widely investigated, little is known 
about the origin and role of the indi- 
vidual components of Bruch’s mem- 
brane and how each of them is altered 
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by disease. Using quantitative immu- 
nogold electren microscopy, we have 
recently demonstrated increased col- 
lagen type IV and laminin in the thick- 
ened retinal eapillary BM of a galac- 
tosemic rat, an animal model that has 
BM lesions develop that are similar to 
those of diabetic retinopathy.” It is 
evident that this technique may pro- 
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vide useful information about alter- 
ations of retinal BMs in a variety of 
disease processes. 
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Glaucoma Filtration Surgery in Monkeys Using 


5-Fluorouridine in Polyanhydride Disks 


Henry D. Jampel, MD; Kam W. Leong, PhD; Greg R. Dunkelburger, MS; Harry A. Quigley, MD 


e We performed filtration surgery in 
glaucomatous monkeys to determine if 
bioerodible polyanhydride disks that con- 
tained 5-fluorouridine (5-FUR) prolonged 
the success of the operation. First, in vitro 
studies demonstrated that 5-fluorouridine 
was released from the disks for at least 16 
days in a bioactive form that inhibited 
fibroblast proliferation. Next, a prelimi- 
nary series of six eyes suggested that us- 
ing disks that contained 5-fluorouridine 
extended the intraocular pressure—lower- 
ing effect of filtration surgery. This finding 
was confirmed in eight additional eyes of 
four animals in which one eye received a 
disk with 5-fluorouridine and the other re- 
ceived a disk without the drug. The dura- 
tion of success of the operation was 
significantly longer in the eyes that re- 
ceived polyanhydride with 5-fluorouridine 
(mean + SD, 26.0 + 9.2 days) than in the 
controls (8.5 + 4.0 days). The histologic 
findings of the experimental eyes corre- 
lated with their prolonged clinical suc- 
cess. 

{Arch Ophthalmol. 1990; 108:430-435) 


There is increasing evidence that the 
use of fluorouracil (5-FU) increases 
the success rate of glaucoma filtration 
surgery in eyes at high risk for surgi- 
eal failure.'* Currently, fluorouracil 
is administered by frequent subcon- 
junctival injection away from the sur- 
gical site. Some of the corneal epithe- 
lial toxicity of the drug probably stems 
from its mode of administration, 
which results in the delivery of large 
quantities of fluorouracil to areas 
other than the surgical site. 
Several investigators have explored 
the use of controlled drug delivery 
systems for fluorouracil and other 
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agents in an attempt to minimize side 
effects and eliminate the need for fre- 
quent administration.”* The polyanhy- 
drides are a promising class of drug 
earrier.”!! They are bioerodible and 
release drugs gradually throughout 
extended periods of time. Polyanhy- 
dride disks that contain fluorouracil 
prolong the success of filtration sur- 
gery in rabbits." 

We have performed glaucoma filtra- 
tion surgery by using polyanhydride 
disks that contained 5-fluorouridine 
(5-FUR) in glaucomatous monkey 
eyes. 5-Fluorouridine, the deoxyribose 
sugar of fluorouracil, was chosen be- 
cause in vitro data suggest that it is 100 
times more potent than fluorouracil 
in inhibiting the proliferation of 
fibroblasts.'* Our goal was to deter- 
mine the efficacy and toxicity of this 
combination of drug carrier and an- 
tiproliferative agent in the animal 
model of glaucoma surgery that most 
closely resembles the human situation. 


MATERIALS AND METHODS 
Preparation of Bioerodible 
Polyanhydride Copolymers 


The drug carriers used in the above ex- 
periments consisted of the copolyanhy- 
drides of 1,3-bis(p-carboxyphenoxy) pro- 
pane (PCPP) and sebacic acid (SA) in the 
weight ratios of either 25:75, 30:70, or 35:65. 
The polymers were synthesized by the melt- 
polycondensation method,'*’ and charac- 
terized by Fourier-transformed infrared 
spectroscopy. 5-Fluorouridine (15, 50, 200, 
or 500 ug) or fluorouracil (1 mg) (Sigma 
Chemical Co, St Louis, Mo) was incorpo- 
rated into the copolymer by eompression 
molding.’® The finished products were solid 
disks that measured 3 mm in diameter and 
1 mm in thickness and weighed 10 mg. The 
disks were stored under desiccation and 
sterilized by UV light before use. 


in Vitro Studies 


Ten-milligram polyanhydride disks 
(PCPP:SA, 30:70) that contained 500 ug of 
5-fluorouridine were placed in 1 mL of 
Hams ’F-12 media (Gibco, Grand Island, 
NY) with 10% fetal calf serum (Gibco) in 
24-well plates at 37°C. Periodically, the 
medium was replaced, and the drug con- 
centration was analyzed by high-perfor- 
mance liquid chromatography. The experi- 
ment was performed in tripHeate. 

The bioactivity of 5-fluorouridine and 


fluorouracil, released from the polymer, 
was determined in a fibroblast proliferation 
assay. The 9 X 10° fifth-passage fibroblasts, 
obtained from tissue explants of human 
Tenon's capsule, were plated in 1 mL of 
Hams ’F-12 medium (Gibco) and 10% fetal 
calf serum (Gibco) in 24-well plastic tissue 
culture plates (Costar, Cambridge, Mass). 
Cells were allowed to attach to the plates 
for 24 hours at 37°C in 5% carbon dioxide. 
The number of cells adherent to the plates 
at 24 hours (time, 0 hours) was determined 
by a previously published protocol,'* and 
fresh media were added to the cells, along 
with a 10-mg polyanhydride disk (PCPP- 
SA, 25:75) that contained either 15 ug of 5- 
fluorouridine or 1 mg of fluorouracil. After 
an additional 72-hour incubation (time, 72 
hours), the cells were harvested and 
counted. The number of cells recorded in 
Table 1 represents time (72 from 0 hours). 
In a parallel experiment, a dose-response 
curve for the inhibition of fibroblast prolif- 
eration by fluorouracil and 5-fluorouridine 
in solution was determined. 


Experimental Glaucoma 
Filtration Surgery 


Sustained elevation of the intraocular 
pressure (IOP) was achieved by argon laser 
treatment of 360° of the anterior chamber 
angle? at least 1 month before surgery. 
None of the eyes were clinically inflamed at 
the time of surgery. 

A posterior lip sclerectomy was per- 
formed in 15 eyes as described previously,” 
with the following changes: (1) A sector iri- 
dectomy, rather than a basal peripheral 
iridectomy, was made. (2) Before closure of 
the conjunctiva, polyanhydride disks that 
contained various amounts of 5-fluorouri- 
dine, or no drug, were placed in the superior 
subconjunctival space adjacent to the fis- 
tula. 

An initial study was performed to deter- 
mine the best formulation of polyanhydride 
copolymer and the optimal amount of 5- 
fluorouridine. Six eyes received polyanhy- 
dride disks of two compositions that con- 
tained three different amounts of 5-fluo- 
rouridine at the time of filtration surgery 
(Table 2). In these eyes, the conjunctival 
incision was closed in a watertight manner 
by using a running, locking, 8-0 chromic 
collagen suture (Ethicon Inc, Somerville, 
NJ). 

Next, four animals received a disk that 
consisted of PCPP:SA ratio of 30:70 con- 
taining 500 ug of 5-fluorouridine in one eye 
and an identical disk without drug in the 
other eye in a masked fashion (Table 3). To 
prevent dehiscence of the conjunctival clo- 
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sure, Tenon’s capsule and the conjunctiva 
were closed separately, by using a running, 
locking, $-0 polyglactin 910 (Vicryl) suture 
on a BV-100 microvascular needle (Ethi- 
con). 

We instilled erythromycin base oph- 
thalmie eintment (Fougera, Melville, NY) 
at the end of surgery. No antibiotic, cyclo- 
plegic, or corticosteroid medication was 
given after that time. An experienced ani- 
mal caretaker assessed the general well- 
being of the animal daily. On a given day, 
only one eye of an animal was operated on. 
All procedures were approved by the Ani- 
mal Care Committee of The Johns Hopkins 
University, Baltimore, Md, and were com- 
patible with the Association for Research 
in Vision.and Ophthalmology Resolution on 
the Care of Animals in Research. 

We examined the monkeys ophthalmo- 
logically at least every other day after sur- 
gery for the first 3 postoperative weeks, and 
every third day thereafter. The examina- 
. tions were performed with the monkeys 
- under intramuscular ketamine hydrochlo- 
ride (10 mg/kg) sedation and topical pro- 
paracaine hydrochloride anesthesia. The 
examinations consisted of IOP determina- 
tion by Goldmann applanation tonometry; 
slittamp examination to assess bleb status, 
anterior chamber depth, and amount of in- 
flammation; and goniescopy. The duration 
of success of the cperation was defined as 
the .ength of time between surgery and the 
last day that the [OP was less than 20 mm 
Hg. 

A glaucomatous eye of another monkey 
underwent gleucema filtration surgery 
without implantation of a polvyanhydride 
disk to-obtain histologic findings for com- 
parisen with eyes that received the polyan- 
hydride. The monkey was killed 14 days af- 
ter surgery. 

Histciogic Preparation 


The animals were killed by exsan- 
guination while they were under deep pen- 
tobarbital sodium anesthesia 25 to 54 days 
after surgery, and 10°to 44 days after the 
operation had failed by IOP eriteria. Fol- 
lowing the initial perfusion of 500 mL of 
physiologic saline solution that contained 1 
g/dL ef procaine hydrochloride, approxi- 
mately 1 L of 25% glutaraldehyde in cac- 
ody ate buffer was perfused in a retrograde 
faskien through the abdominal aorta at a 
pressure of 126 mm Hg. A subtotal exen- 
teration of the orbits was immediately per- 
formed, preserving the conjunctiva. The 
globes were immersed in 2.5% glutaralde- 
hyde at room temperature overnight. 

_ Globes were openedat the pars plana and 
divided into anterior and posterior seg- 
ments. We prepared 1-mm-wide tissue seg- 
merts that were oriented perpendicular to 
the limbal wound, containing both cornea 
and sclera on either side of the wound. Tis- 
sue sections ‘hat containec crystalline 
lenses, ciliary processes from each quad- 
rant of the eye,.anc retina from the inferior 
retina, superier retina, and fovea were 
taken frem each eye. All tissue was washed 
in ®05N sodium cacodylate buffer and post- 
fixed in 1% osmium tetroxide in 0.05N 
sodium cacodyiate that contained 10% su- 
crose. The segments were serially dehy- 
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No. of Cells, 
Mean + SD 


37 420 + 1415 
29690 + 9000 
14601 + 3429 
16033 + 273 


Polyan- 


hydride Drug 














Fluorouracil 
5§-Fiuorouridine 





% Reduction 
Relative to 
Cells Alone 





Equivalent 
Free Drug 
Concentration, 
mg/L * 







% Reduction 
Relative to 
Blank Polymer 









20.6 
60.9 50.8} 0.5 






* Concentration of drug in solution necessary to achieve the same TEPEN of innibitien. 
tP < .02. 
P < 04. 


“Table 2. —Eyes Receiving Polyanhydride Ponitaining 


a 


Amount of 
a 


Duration 
of a ass 


Polymer 
Composition 
(PCPP:SA) 


PE 30:7C 


a 35:65 7 
Z 30:7C E 


z 
Mean + SD 





35:65 
30:7C 
35:65 





* PREOP indicates preoperative; IOP, intraocular pressure; and PCPP:SA, weight ratie of 1,3-bis (p-carbox- = 


yphenoxy) propane to sebacic acid. 





l Animal No. 





Mean + SD 


Duration of 
| Success, d 


PREOP IOP, 





32.8 + 4.8 


*PREOP indicates preoperative; IOP, intraocular pressure. 


drated and embedded in epoxy resin. One- 
micrometer-thick sections were placed on 
microscope slides and stained with either 
toluidine blue or paraphenylenediamine for 
30 seconds. 


Pachymetry 


Central corneal thickness was measured 
1 to 4 weeks preoperatively and 4 to 6 weeks 
postoperatively by using a Keeler-Konan 
specular microscope with an adapter for 
pachymetry. 


RESULTS 
In Vitro Studies 


Polyanhydride copolymers that con- 
sisted of PCPP:SA in the ratio of 30:70 
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conjunctival fibroblests (Table 1). 


and contained 509 ye of 5-fluorouri- 
dine released the druz for at least 16 
days (Fig 1, left). From days 6 to 16 of oo 
incubation, approzimately 10 to 12 ug. > 
of 5-fluorouridine was released into the- 
1 mL of culture medium (Fig 1, right). - 
This produced a cencentration of © 
5-fluorouridine in the medium that 
greatly exceeded its median inhibitory 
dose for fibroblasts of 0.8 mg/L." 
Polyanhydride disks that contained = 
fluorouracil and 5-flucrouridine inhib-  — 
ited the in vitro preliferation of human. < 
















Therefore, the activity of 5-fluorou 
dine and fluorourac.] was not di 
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ee stroyed during the fabrication and re- 
= lease processes. The degree of inhibi- 
tion of proliferation by drug released 
from the polyanhydride was equiva- 
lent to that of 0.5 mg/L of fluorouracil 
or 0.003 mg/L of 5-fluorouridine, as 
determined in a parallel experiment 
(data not shown). 





in Vivo Studies 


In the initial study to determine the 
best formulation of a polyanhydride 
copolymer and an optimal amount of 
5-fluorouridine, the length of success 
of the operation, 36 + 14(mean + SD) 
days, was longer than in eyes that ei- 

-ther we or others” had previously 
operated on without adjuvant drug 
therapy. In those eyes, the length of 
success of the operation was approxi- 
mately 7 days. There appeared to be a 
trend toward longer success with 
higher doses of 5-fluorouridine and the 
30:70 copolymer (Table 2, far right col- 
umn). 

In the masked trial of 5-fluorouri- 
dine incorporated into polyanhydride, 
the eyes that received 5-fluorouridine 
and the eyes that did not receive 5-flu- 
orouridine did not differ in either their 
preoperative IOPs (mean + SD, 
28.3 + 4.0 mm Hg vs 32.8 + 4.8mm Hg 
[P= .20, paired ¢ test]) or in the 
amount of laser energy used to induce 
glaucoma (67.3 + 22.1 J vs 77.5 + 32.6 
J [P = 5, paired ¢ test]). The duration 
of success was 26 + 9.2 (mean + SD) 
days in the eyes that received the 
drug-containing polyanhydride and 
8.0 + 4.0days(P = .05, paired tł test) in 
the control eyes. 

Maintenance of a low IOP was uni- 
formly accompanied by an open surgi- 
cal fistula. In some eyes with a low IOP, 
an obviously elevated conjunctival 
bleb was observed. In most eyes, the 
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polyanhydride disk was clinically ob- 
served 25 to 54 days after surgery, 
when the animals were killed. 

All events that would not normally 
be anticipated following uncompli- 
cated filtration surgery in humans 
were considered to be complications 
(Table 4). Wound dehiscences (separa- 
tion of the cut edges of the conjunctiva 
incision) that required resuturing oc- 
curred between days 4 and 11 after 
surgery in all six eyes in the initia] 
study. The conjunctival incision had 
been closed with a single layer of 8-0 
chromic collagen in all those eyes. No 
wound dehiscences were observed af- 
ter the suturing technique was modi- 
fied to a two-layer closure with 9-0 
polyglactin 910 suture for the masked 
trial. 

A “high bleb,” or “Tenon’s cyst,” 
was seen in three of the eight eyes that 
underwent two-layer closure. Two 
disks, one with 5-fluorouridine and one 
without, extruded through a previ- 
ously intact conjunctiva away from the 
incision after the operation had clini- 
cally failed. 

No eye developed an epithelial defect 
postoperatively. A few corneal epithe- 
lial defects occurred during surgery 
and healed within the first 2 days. 
Pannus and extension of conjunctival 
pigment into the superficial peripheral 
cornea were commonly observed but 
did not involve the visual axis. 

Minor anterior and posterior lens 
opacities were sporadically distrib- 
uted among the different groups of 
eyes. The circulating pigment was 
present in the anterior chamber of 
three of four eyes that received 5-flu- 
orouridine and in none of four eyes 
that did not receive 5-fluorouridine 
during the first 3 postoperative weeks. 
Cell, flare, and large keratic precipi- 
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Fig 1.—In vitro release of 500 ug of 5-fluorouridine from polyanhydride disks (weight ratio of 1,3-bis [p-carboxyphenoxy] pro- 
pane to sebacic acid, 30:70), expressed in two different ways. Left, Cumulative release. 
represent the release from one disk. Right, Release rate per day. Error bars are smaller 


Dotted, dashed, and solid lines each 
than the circles denoting the mean. 


tates were observed at some time dur- 
ing the second to fourth postoperative 
week in two of four eyes that received 
5-fluorouridine and in three of four 
eyes that did not receive 5-fluorouri- 
dine. These resolved within 7 days in 
both groups. 

A fifth monkey was started in the 
protocol, but an aspiration pneumonia 
developed in this monkey at the time of 
surgery on the first eye, in which a disk 
that contained 5-fluorouridine was im- 
planted. The animal died on the fourth 
postoperative day. The results of a 
complete autopsy were consistent with 
aspiration pneumonia and specifically 
revealed no evidence of bone marrow 
failure or liver toxicity that might be 
attributable to the 5-fluorouridine. 


Pachymetry 


No change in the central corneal 
thickness was seen after filtration sur- 
gery with the polyanhydride, either 
with or without 5-fluorouridine (Ta- 
ble 5). 


Histopathologic Findings 


Fourteen days after surgery, the eye 
that had not received either the poly- 
anhydride or 5-fluorouridine demon- 
strated occlusion of both the fistula 
and subconjunctival space by fibrous 
tissue. A few lymphocytes and plasma 
cells were evident beneath the con- 
junctival epithelium (Fig 2). 

All eight eyes that were studied in 
the masked trial were evaluated histo- 
pathologically. Although all eyes had 
clinically failed by the time of exami- 
nation, there were striking differences 
between the eyes that received 5-fluo- 
rouridine and those that did not (Fig 
3). The former eyes had larger corneo- 
scleral fistulas and subconjunctival 
bleb cavities that contained few cells 
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and little fibreus tissue. In two of four 
eyes that received 5-fluorouridine and 
in three of four eyes that did not 
receive 5-fluorouridine, the polyanhy- 
drice disk was visible in the subcon- 
junctival space (fig4). Multinucleated 
giant cells, somecontaining fragments 
of the polyanhydride, were present in 
the subconjunctival space of all eight 
eyes. Lymphecytes, macrophages, and 
plasma cells were detectable in the 
subcenjunctival space near the surgi- 
cal site. 

Examination of the crystalline 
lenses revealed no differences between 
eyes with and eyes without clinically 
detectable lens opacities. Neither blad- 
der cell formation nor posterior mi- 
gration of the lens epithelium was ob- 
served. The retina and ciliary body 
were normal in all eight eyes that were 
` examined. 


COMMENT 


We have extended the duration of 
suecess of glaucoma filtration surgery 
in monkeys by using polyanhydride 
disks that contained 5-fluorouridine. 
To eur knowledge, there is only one 
other published report of the use of a 
controlled release system for drug de- 
livery after glaucoma surgery in 
monkeys.” in that study, in which 
5-Auorouridine was incorporated into 
liposomes, there was an unacceptable 
ameunt of lecal and systemic toxicity, 
perhaps due tc using too large a dose. 
Although one animal in our study died, 
the clinical history and autopsy find- 
ings did not implicate either 5-fluorou- 
ridine or the polyanhydride. 

Althouglval’ the operations eventu- 
ally failed, the magnitude of the ob- 
served effect (prolonging surgical suc- 
cess from 8.5 te 26.9 days) is significant 
when compared with previous efforts 
to influence favorably filtration sur- 
gery in monkeys. In a model similar to 
ours, McGuigan et al” treated glauco- 
matous cynomolgus monkey eyes with 
G-aminopropienitrile or D-penicilla- 
mine after jiltration surgery and noted 
only a 8-day increase in the duration of 
_ suecess. Gressel et al” observed open 

fistulas anc conjunctival blebs 98 days 
after glaucoma surgery in normoten- 
sive monkey eyes when postoperative 
subconjunctival injections of fluorou- 
racil were given. Because the postop- 
erative IOF remained very low in both 
the experimental and control eyes in 
their experiment, however, it is not 
possible te compare the magnitude of 
their effect to ours by using our IOP 
eriteria for success. 
The effect that we have observed in 
monkeys may be much greater in hu- 
mans for several reasons. First, filtra- 
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tion surgery has a greater tendency to 
fail in juvenile-age monkeys with ar- 
gon laser-induced secondary glau- 
coma than in adult humans. Second, in 
rabbits, subconjunctival administra- 
tion of 5-fluorouridine can result in 
detectable levels in the fellow, unin- 
jected eye.” If this were also the case 
in monkeys, the length of success in 
our control eyes could have been pro- 
longed due to contralateral adminis- 
tration. This would have artifactu- 
ally minimized the observed effect of 
the 5-fluorouridine. Lastly, topical cor- 
ticosteroids have been shown to in- 
crease the rate of surgical success in 
human filtration surgery.” We decided 
that it would be impractical to treat 
the postoperative eyes in this study 
with frequent topical corticosteroids. 
The length of success in our animals 
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might have beer lorger if corticoster- 
oids had been administered in addition 
to the 5-fluorouridize. 

Lee et al'*? reported prolongation of 
the success of glaucema surgery by us- 
ing similar polyanhydrides, Our exper- 
imental design differed in two re- 
spects: First, cur axperiments were — 
performed in monkays instead of rab- _ 
bits, allowing us ta create glaucoma —_ 
and perform surgery on eyes with an 
elevated IOP. The presence of an ele- 
vated IOP precperatively enabled us. ` 
confidently to use a postoperative IOP 
as a criterion for success. Further- 
more, since the anetomy and physiol- 
ogy of the monkey eye more closely re- 
semble the human eye,» an assessment ` 
of the efficacy and toxicity of the in- 
tervention may hawe more clinical re 
evance. The use of a nonhuman pri- 














mate model, however, necessitated 
minimizing the number of experimen- 
tal animals. Therefore, we used the 
smallest number of animals required 
to demonstrate a biologically impor- 
tant and statistically significant effect. 

The second way in which our exper- 
iments differed from those of Lee et 
al'>+ was in the use of 5-fluorouridine 





instead of fluorouracil. We chose 
5-fluorouridine because it is a much 
more potent antiproliferative agent 
than fluorouracil.'* Since the amount 
of drug that can be placed in the disk 
is limited by the size of the disk, it is 
desirable to use the most potent agent 
available. Agents of low potency will 
not be useful with polyanhydrides be- 


Fig 2.—Fourteen days after surgery, the eye that had not received either polyanhydride or 5-flu- 
orouridine demonstrated both a fistula (asterisk) and a subconjunctival space that were occluded 
by fibrous tissue. A few lymphocytes and plasma cells were evident beneath the conjunctival ep- 
ithelium (E). The intraocular pressure was 53 mm Hg. AC indicates anterior chamber; C, cornea; 
|, iris; and S, sclera (toluidine blue, original magnification X60). 


cause not enough of the drug can be 
incorporated into the disk to achieve 
the desired effect. 

Did the use of polyanhydrides real- 
ize the stated goals of avoiding the 
toxicity of subconjunctival injections 
and achieving a sustained release of 
drug as the disk is biodegraded? We 
observed no corneal epithelial defects, 
the most frequent side effect of fre- 
quent subconjunctival injections, sug- 
gesting that the drug was delivered 
focally near the surgical site. No in- 
crease in central corneal thickness, 
which would indicate severe corneal 
endothelial toxicity, was detected. 
However, another side effect of sub- 
conjunctival injections of fluorouracil, 
ie, the conjunctival wound leak, did 
occur and required separate closure of 
Tenon’s capsule and the conjunctiva. 
In addition, the observation of the ex- 
trusion of two disks at sites remote 
from the incision is worrisome. In 
these instances, the pressure of the 
disk surface on the overlying conjunc- 
tiva could have resulted in erosion of 
the disk through the conjunctiva. Su- 
turing the disk to the sclera, placing it 
underneath a scleral flap, or using a 
disk that dissolved faster might elim- 
inate this complication. 

The goal of sustained release of the 
incorporated drug in concert with the 
biodegradation of the polyanhydride 
was not fully realized. If the in vitro 
drug release data are relevant to the in 
vivo situation, the drug may be re- 
leased from the disk faster than is de- 
sirable. On the other hand, the biodeg- 
radation of the polyanhydride is 


Fig 3.—Left, The left eye of animal No. C55, which received 5-fluorouridine in the polyanhydride. The last day of success was 
19 days postoperatively, and the eye was obtained 17 days later. The fistula is patent (asterisk), and the bleb cavity (BC) 
contains only loose connective tissue. E indicates corneal epithelium; C, cornea; and S, sclera (toluidine blue, X60). Right, 
Right eye of animal No. C55, which received a polyanhydride disk that did not contain 5-fluorouridine. The last day of success 
was 9 days after surgery, and the eye was obtained 32 days later. The fistula (asterisk) is totally occluded with dense con- 
nective tissue. No bleb is present. S indicates sclera, C, cornea; and E, conjunctival epithelium (toluidine blue, original mag- 


nification X45). 
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Fig 4.—Subconjunctival space of right eye of animal No. C55 adjacent to polyanhydride disk. The 
edge of the partially degraded polyanhydride disk (D) is surrounded by several multinucleated gi- 
ant cells (arrowheads). One cell (large arrow) contains a fragment of the disk within it (small ar- 
row). Thereis a prominent inflammatory infiltrate composed of lymphocytes, neutrophils, and macro- 
phages (toluidine blue, original magnification X550). 


slower than optimal. Changes in the 
composition of the polyanhydride and/ 
or employing a different drug may be 
necessary to overeome these problems. 

In previous ocular studies, polyan- 
hydrides have been biocompatible. 
Although we detected no adverse ef- 
fects of the polyanhydride or 5-fluo- 
rouridine on the retina or ciliary body, 
there was clinical evidence of inflam- 
mation in the anterior chamber and of 
minor lens opacities. We have ob- 
served these findings with similar fre- 
quency following surgery without the 
placement of the polyanhydride or 
drug. The lens opacities were not dense 
enough to be of clinical significance 
and were not apparent histologically. 

The presence of multinucleated 
giant cells that contained polyanhy- 
dride fragments has been observed 
near disks implanted within the 
brain.” Phagocytosis may therefore be 
one mechanism by which the disk is 
eventually degraded. We have ob- 
served a prominent lymphocytic and 
macrophage infiltrate in eyes that re- 
ceived neitherpolyanhydride nor drug 
after filtration surgery,” so the infil- 
trate may not be attributable to the 
polyanhydride itself. The number of 
eyes studied in these experiments was 
too small to determine the relative 
contribution of the preoperative laser 
treatment, surgery, polyanhydride 
disk, and drug to the observed inflam- 
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mation. Additional biocompatibility 
studies of polyanhydrides in the sub- 
conjunctival space after filtration sur- 
gery will be necessary to determine 
their safety. 
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Posterior Corneal Depression 


n 11-year-old girl was referred for eval- 
uation of a left, central corneal opac- 
ity. There was no family history of ocular 
disorder, and the corneas of her younger 
brother were normal. Her birth had been an 
uncomplicated term delivery and there was 
no history of subsequent trauma. Exami- 
nation findings are in the Table. The pa- 
tient’s right cornea was normal on slit- 
lamp examination, whereas the left cornea 
had a geographic, central nebula at the 
deepest. stromal level. This area, 3 to 4 mm 
in diameter, was bounded by an incomplete 
dense white ring of Descemet’s membrane 
(Fig 1). A few focal, deep stromal excres- 
cences were within the geographic area (Fig 
2), but there were no endothelial pigment 
deposits.’ High magnification revealed an 
increased granularity of the left central 
midstroma, and the posterior curvature 
had a minimal, irregular indentation 
within the boundary of the dense white line 
(Fig 3). No posterior embryotoxon or pe- 
ripheral iris strands were noted. The left 
iris, lens, and optic dise were normal. 
Central and midperipheral specular mi- 
croscopy and pachymetry were performed 
on each eye. Endothelial cells in the region 
of the left corneal lesion were continuous 
but pleomorphic and enlarged? (Fig 4). Pos- 
terior corneal rings were irregular in ap- 
pearance and traversed the central region. 
Descemet’s membrane was interrupted and 
formed whorls, and despite the appearance 
of a posterior indentation, the left central 
cornea was thicker than the right. 


Best visual acuity ENN 
Keratometry, diopters 
Pachymetry, mm 
Central 
_ Peripheral 
Endothelial! 
cell density 


Gonioscopy 








4000 /mm? 


Normal 


COMMENT 


The most likely diagnosis is unilat- 
eral posterior corneal depression (cir- 
cumscribed posterior keratoconus), a 
rare, nonprogressive, congenital ab- 
normality that may be due to faulty 
migration and development of neural 
crest cells destined to form kerato- 
cytes, endothelial cells, and anterior 
iris stromal cells* (mysenchymal dys- 
genesis). An associated leukoma, iris 
strands, and keratolenticular contact 
are features of the more severe vari- 
ant, Peter’s anomaly, in which glau- 
coma is common. 

RICHARD M. REDMOND, MSc, FRCS 
A. JONATHAN JACKSON, MBCO 
JAMES SHARKEY, MB, BS, BAO 
Belfast, Northern Ireland 
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Fig 1.—Left cornea showing central, geographic thickening at the level Fig 2.—High-magnification slit-lamp photograph showing focal excres- 
of Descemet’s membrane. The corneal diameter, iris, and lens are nor- cences within the geographic area (arrow). 
mal. 
pE 
-k 
Fig 3.—Gptical section of the left cornea showing normal anterior cur- 
vature and deep corneal scarring. 
Fig 4.—Wide-field specular photomicrograph of the central left cornea 
showing pleomorphic endothelial cells. Whorls at he edges of inter- 
rupted Descemet’s membrane are shown (arrow) (magnification bar 
equals 100 um). 
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` Robert G. Small, MD, Mark Scott, MD 


=  @ Grave's ophthalmopathy, anophthal- 
omia, trauma, surgery, burns, and skin dis- 
- orders can result in lower eyelid retrac- 
tion. The retracted lower eyelid is tight in 
contrast to the lax lower eyelid of the 
common involutional ectropion. Cicatriza- 
_ tion of the skin and muscle produces the 
_ prototype cicatricial ectropion. Downward 
_ traction on all layers of the lid rather than 
__cicatrization causes lower eyelid retrac- 
- tion. Sixty-one retracted lower eyelids 
< were surgically repaired without a skin 
graft in 40 patients. In the new technique, 
~ the retracted lower lid is repaired by re- 
easing the lower eyelid retractors from 
their tarsal attachment. A lateral cantho- 
-piasty and lower lid prezygomatic flap an- 
<- chored to the orbital periosteum support 
the released lower eyelid. 
_ (Arch Ophthalmol. 1990; 108:438-444) 


Retracted eyelids are often errone- 
~™™ ously classified under the heading 

of cicatricial ectropion. Ectropion 
means turning out and it aptly de- 
scribes the involutional ectropion in 
which the lax lid turns out so that the 
palpebral conjunctiva is exposed. Ec- 
trepion less accurately describes the 
retracted lower eyelid, however, since 
the retracted lower lid usually does not 
turn out. Cicatrization of the skin and 
muscle produces the prototype cicatri- 
cial ectropion. Downward traction on 
all layers of the lid, rather than cica- 
trization, causes lower eyelid retrac- 
tion. 
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The Tight Retracted Lower Eyelid 


Sixty-one retracted lewer eyelids 
were surgically repaired without a 
skin graft in 40 patients who are the 
subject of this study. In the new tech- 
nique described here, the retracted 
lower lid is repaired by releasing the 
lower eyelid retractors from their tar- 
sal attachment. A lateral canthoplasty 
and a lower lid prezygomatic flap an- 
chored to the orbital periosteum sup- 
port the released lower eyelid. 

Clinical and experimental evidence 
suggests that the lateral canthal ten- 
don and orbicularis musele are of pri- 
mary importance in the support of the 
lower eyelid.’? The orbicularis muscle 
is normal or contracted in most pa- 
tients with tight retracted lower eye- 
lids. The retracted lid cannot easily be 
pulled away from the globe, nor is the 
lid position temporarily corrected with 
the patient in the supine position as it 
is in patients with involutional ectro- 
pion. However, pushing up the tissue 
below the eyelid relieves downward 
traction and temporarily elevates the 
lid to a normal position. These findings 
suggest that downward traction 
rather than the lack of support is im- 
portant in the retracted lower lid. 

Scar contraction of lower eyelid skin 
and muscle produces the prototype 
cicatricial ectropion. The first patient 
cited by Padgett’ in his article on the 
dermatome that bears his name had a 
lower eyelid ectropion treated with a 
skin graft. In the true cicatricial ec- 


Predisposing Condition 
Graves’ ophthalmopathy 
Anophthaimia 

Previous eyelid cancer surgery. 
Previous lower blepharoplasty 


Seventh-nerve palsy 
Dermatitis 
Tota! 





No. of Patients 





tropion, involvement is primarily in 
the anterior skin-muscle lamella of the 
lid. An incision below the lower lid 
edge allows the lid edge to move up to 
a normal position. The ectropion is re- 
paired by covering the resulting defect 
with a skin graft. 

Conditions reported to produce cica- 
tricial ectropion include trauma,‘ 
blepharoplasty, burns,’ chemical face 
peeling,’ scleroderma,’ essential skin 
shrinkage,’ and topical administra- 
tion of fluorouracil. One classifica- 
tion lists 15 causes of cicatricial 
ectropion? Some of these entities, 
however, can be treated without a skin 
graft and are best called retracted 
lower eyelids rather than cicatricial 
ectropions. 

The causes of retracted lower eyelids 
in this series, in order of frequency, are 
Graves’ ophthalmopathy, anophthal- 
mia, surgery, trauma, seventh-nerve 
palsy, and dermatitis (Table 1). The 
two patients with facial nerve palsy 
had previous surgery that tightened 
but did not correct the retracted lids. 

Traction on both the anterior and 
the posterior lamellae produces the 
retracted lower eyelid. The posterior 
lamella consists of the tarsus and at- 
tached orbital septum, the capsulo- 
palpebral fascia (inferior aponeuro- 
sis), the inferior tarsal muscle, and the 
conjunctiva. Anatomic studies show 
that the orbital septum, the capsulo- 
palpebral fascia, and the inferior tar- 


No. of Eyelids 
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Fig 1.—Cross sectien of the lower eyelid. M 
indicates the inferior tarsal muscle; asterisk, 
the capsulopalpemrai ligament; and O, orbital 
septum: 







sal muscle fuse 6 mm below the infe- 
rior tarsal border and firmly attach to 
the anterior, inferior, and posterior 
base of tre tarsus. These three layers 
are called the lower eyelid retractors 
- (Fig). In the diagram the layers of the 
- lid are separated for identification. In 
_ life they are inlese apposition. Down- 
ward traction or the lower eyelid re- 
tractors produces retraction of the lid. 
Traction primarily on the anterior 
lamella of the led produces eversion 
(Fig 2). 

Surgical sectioning of the posterior 
lamella of the eyelid or lower eyelid 
retractors to correct lower eyelid re- 
traction has been reported.’ Some 
surgeons use sclera as a “spacer” in 
_ surgery for upper and lower eyelid re- 

traction, especia.ly for patients with 

G ophthalmopathy. %2 The 

ler ka A ratt is ees between the tar- 



















: tors. hess pens niak the 
ce of f the posterior lamella of 





n tors: inthe: pa aLi agenesis of ower eye- 
lid retraction. 

A neg ected factor in the pathogen- 
esis of all types ef lower lid eetropion 
and retraction is the heavy prezygo- 
matic ard facial tissue layer in conti- 
nuity with the lower eyelid. One of us 
(R.G.S.)° and afew others use mus- 
ee» steal sutures to support this 
= heavy tiasue, which otherwise exerts a 

| strong downward pull on the lower 
eyeli e beleve this is an important 
"concent in the repair of the tight re- 
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Fig 3.—The incision (right) and the prezygomatic flap disse: stion: ‘lie 


tracted lower eyelid as well as in invo- 
lutional ectropion. 


METHODS 

Sixty-one eyelids in 40 patients were op- 
erated on. The technique reported here does 
not use a skin graft or scleral spacer. The 
new procedure is a combination of three 
surgical maneuvers: (1) The lower eyelid 
retractors are dissected away from the 
conjunctiva from the inferior tarsus to the 
inferior fornix. This eliminates downward 
traction on the inferior tarsal edge of the 
lower lid. (2) A lateral canthoplasty ele- 
vates and supports the tarsal edge of the 
lower lid with a periosteal suture to the 
lateral orbital tubercle. This is similar to 


the original lateral canthal sling procedure | 


described by Tenzel”’ and later modified by 


Fig 2.—-The lower eyelid position. Left, normal; center, everted; and rignt, retracted. 


standby nurse anesthetist monitors the pa~. 
tient and administersintravenous  sedatio 
and analgesia. 


















others. It is modifed here 2 by er ee =, 
dissection of the eyelid edge and lower eye- < 
lid retractors to relieve downward traction 
on the tarsus. (3) The lower eyelid in conti- 
nuity with a prezygomatie midfacial tissue 
flap is supported by a musculodermal su- 
ture to the periosteum of the lateral orbital 
rim. The flap dissection and suture is $ 
ilar to that for the extended lower. eye id 
blepharoplasty.’ 
Lidocaine hydrochloride (Xylocaine 
(2% ) with epinephrine and hyaluronidase 
is injected subcutanesusi* and subconj unc- 
tivally into the lid, above the orbit and Zy- 
goma, and at the leteral orbital rim. A 


The proposed ower lid incision: is 





































- 3.5mm below the edge of the lid, beginning 
lateral to the punctum and extending hor- 
izontally 1 em beyond the lateral canthus 
(Fig 3). With forceps holding the tissue up 
= on each side, an incision is made through 
. the skin and muscle to the “white oval.” The 
` white oval represents the plane at the level 
of the tarsus between the orbicularis mus- 
. cle and the orbital septum. Scissors are 
spread beneath the muscle at this plane the 
length of the incision. The incision is com- 
pleted with the scissors. 

>- The lower lid prezygomatic flap is devel- 
-oped by dissecting between the orbicularis 
muscle and the orbital septum to the tissue 
plane between the facial muscles and the 
zygoma (Fig 3). This wide dissection mobi- 
lizes the midfacial tissues for elevation and 
periosteal support. The periosteum of the 
lateral orbital rim is exposed for placement 
of the suture to support the prezygomatic 
flap (Fig 4). The periosteum in the region of 
the lateral orbital (Whitnall’s) tubercle at 
the inner lateral orbital rim is exposed for 
the canthoplasty suture. 

Next, the lower eyelid retractors are dis- 
sected. Local anesthetic is used to balloon 
up the conjunctiva from the tarsus to the 
inferior fornix (Fig 4). Beginning at the 
lower tarsus, the lower eyelid retractors are 
dissected from the conjunctiva down just 
beyond the inferior fornix. This dissection 
extends the length of the lid (Fig 6). One or 
two small conjunctival buttonholes may be 
opened. These need not be closed and show 
that the dissection is properly close to the 
conjunctiva. 

A lateral canthoplasty is then done. Af- 
ter a lateral canthotomy (Fig 7, left) the 
lower limb of the lateral canthal tendon is 
cut (Fig 7, right). The lateral canthal skin 
and muscle attachments of the lid-are sep- 
arated so that the tarsal edge of the lower 
eyelid can be freely moved away from the 
eanthus and elevated without resistance. 


Fig 4.—-Dissection of periosteum of the lateral orbital rim. 
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Now the lower lid edge is attached only by 
conjunctiva and a narrow medial pedicle. 
The blood supply of this narrow strip seems 
precarious, but slough of the eyelid has not 
occurred, Care must be taken not to tear the 
fragile conjunctival attachment of the eye- 
lid edge at the inferior fornix. The skin is 
dissected 8 mm from the lateral lid edge to 
prepare a strip for attachment to Whit- 
nali’s tubercle. This canthal strip is com- 
posed of the lower limb of the lateral can- 
thal tendon in continuity with the tarsus. A 
5-0 braided polyester mattress suture is 
placed through the end of the dissected 
strip and the suture is completed with a 
single bite through the periosteum at the 
lateral orbital tubercle from within out (Fig 
8). This suture is placed so that it elevates 
and supports, but does not tighten, the 
lower eyelid. The lid edge is elevated to its 
normal position 2 mm above the level of the 
medial canthus. Proper suture placement 
ensures that the lid edge is pulled into the 
lateral orbit in close apposition to the globe. 
The conjunctival edges are sutured above 
and below to form a new lateral canthus. 
The lower eyelid prezygomatic flap is 
then sutured. The orbicularis muscle is first 
dissected away from the skin edge in the 
most lateral portion of the flap so skin will 
not be drawn into the incision when the 
mattress suture is tied. A 4-0 braided poly- 
ester suture is passed, first up and then 
down through the deep dermis and muscle 
adjacent to the dissected skin of the lateral 
edge of the flap. The suture is then passed 
superiorly and then inferiorly through the 
periosteum of the lateral orbital rim (Fig 
9, left). This suture is placed so the tissues 
of the lewer eyelid and face will be pulled 
up and supported in a normal position. 
When the suture is tied, the original inci- 
sion should be apposed without tension. 
Additional periosteal sutures may be added 
to further support the flap. This lower eye- 
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Fig 5.—Conjunctiva ballooned up with local anesthetic. 





Fig 6.—Dissection of the lower eyelid retrac- 
tors. 


lid prezygomatic flap dissection and su- 
ture is the same as that in the extended 
blepharoplasty” except that no skin is ex- 
cised and no wedge resection of the lid is 
done. 

The incision is closed with a running 
subcuticular suture of 7-0 blue polypropy- 
lene or 6-0 mild chromic catgut to the skin 
edge (Fig 9, right). It is not necessary to su- 
ture the orbicularis muscle. The tarsorrha- 
phy shown in Fig 9 is done in patients with 
Graves’ ophthalmopathy. 

Dissection of the lower eyelid retractors 
is essential for this procedure and was done 
in every operation in this series. As noted 
below, the canthopiasty and prezygomatic 
flap were modified or omitted in some pa- 
tients. 

Correction of lower eyelid retraction in 19 
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ok lateral santhal tendon. 





ig 7. 7.—Lett, Laterakcanthotomy. Right, Section of the lower limb of the 
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Fig g. < aiue c$ the prezygomatic flap (left) and skin closure, tarsorrhaphy (patients with Graves’ 


ophthalmopathy) (right). 


lids in 1) patients with Graves’ ophthal- 
mopathy was doneat the time of orbital de- 
compression. In these patients it is impos- 
sible to.suture a canthal strip to the perios- 
teum of the latera: orbital tubercle without 
pulling the lid edge beneath the proptotic 

= globe. In 5 patients the canthal strip was 
= sutured to the upper limb of the lateral 
~ -ganthal tendonavhere the tendon extends to 
-{nsert inte the lateral orbital tubercle. This 
“supports the lower lid and narrows the 
hor: ‘zontal fissure, which is typically elon- 
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gated in Graves’ ophthalmopathy. In 9 pa- 
tients tarsorrhaphy was used to support the 
dissected lower eyelid and narrow the hor- 
izontal fissure. Prezygomatic flap dissection 
was done in 4 patients with Graves’ oph- 
thalmopathy. The decision to modify the 
canthoplasty or omit the prezygomatic flap 
dissection is based on the degree of propto- 
sis, the extent of lower eyelid retraction, 
and the weight of the prezygomatic facial 
tissue pulling down the lower eyelid. 

The prezygomatic flap dissection was 
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Fig 8.— Suture of the canthal strip. 





omitted in 3 of 10 patients with. iat a 
retracted lower eyelids associated with -> 
anophthalmic sockets. m 
No eye patch is used. A cephalosporin: 
antibiotic is administered for the first 4- 
postoperative days and am oral analgesicis < 
provided. Light activity is possible imme- 
diately and full activity în 1 to 2 weeks. 


RESJLTS 


The results of surgery are summa- 
rized in Table 2. An attempt was made 
to evaluate each patient's current con- 
dition. Of the 40 patients, 33 were fol- =~ 
lowed up from 3 te 66 months, witha ~ 
mean follow-up o? 3% months anda 
median follow-up of 3# months. Seven =. 
of the 40 patients had a good immedi 
ate postoperative result but could 
be reached to determine their current. 
status. Figures 10 throu wo 
patients before and afte: 

Of the 61 lids opera: do 
were successfully re 
lids in four patients requi a ee , ry 
tion. One lid in eaeh ef three patients 
was improved by s surgery but the re- > 
sults were not perfect. These patients 
were satisfied without reoperation, ~ 

Of the 33 lower eyelid operations in. 
18 patients with Graves’ ophthalmop- 
athy, 2 eyelids in 1 patient requires 
reoperation. Progressive Graves’ oph 
thalmopathy led to recurrent lower 
eyelid retraction in this patient. — 

Patient 38 is unique in that she had. 
retraction of the lower eyelids follow-. 
ing a lower blepharoplasty by another | 
surgeon. The eyelids were pues a 
repaired by the technique describ 
here. A second surge 
other lower bleph 

































Table 2.—Results of Surgery for the Tight Retracted Lower Eyelid 


No. of 
Lid Follow-up, Lid Position 









Patient No./Age, y/Sex Operations mot Maintainedt Remarks§ 
2/44/F GO 2 31 T Residual lid swelling, slight lower lid asym- 
metry 
3/37 /F GO 2 4 + 
4/73/M GO 2 25 + Tearing not relieved 
5/29/F GO 2 33 + 
6/53/F GO 2 46 + 
7/58/F GO 2 45 + 
8/40/M GO 2 10 + Te 
9/58/M GO 1 48 + Postoperative infection RLL 
10/70/F GO 2 10 i Progressive GO 
11/42/F GO 2 74 + 
12/61/M GO 1 19 T 
13/58/F GO 1 3 + 
14/55/F GO 2 6 + 
15/34/F GO 2 43 + 
16/34/F GO 2 14 + 
17/51/M GO 2 36 + . 
18/56/F GO 2 5 + Eye irritation, tearing 
19/22/M AS 1 t + ius 
20/36/M AS 2 35 = LLL required reoperation 
21/33/M AS 1 t + 
22/66/F AS 1 35 + Slight lid sag 
23/30/M AS 1 8 + Stitch abscess 
24/37/F AS 1 39 + 
25/71/F AS 1 t + 
26/24/F AS 1 8 + 
27/46/F AS 1 t + ate 
28/75/F AS 1 t + Problems with prosthesis 
29/73/M CA 1 66 + Trichiasis upper eyelid 
30/75/F CA 1 31 + Lid height all right. Slight eversion center of lid 
31/52/F CA 1 36 + 
32/37/M CA 1 33 + 
33/48/M CA 1 36 + oe 
34/15/F Trauma 1 35 -> Minimal residual sag of lid 
35/30/M Trauma 1 t + piace 
36/33/M Seventh-nerve palsy 2 48 - Cartilage graft by another surgeon 
37/45/F Seventh-nerve palsy 1 T + Seventh-nerve palsy secondary to cancer 
surgery 
38/55/F Postbleph 3 33 + LLL repaired again after second blepharo- 
plasty elsewhere 
39/72/M Postbleph 2 48 + 
40/64/M Dermatitis 2 32 - LLL reoperated 


* GO indicates Graves’ ophthalmology; AS, anophthalmic socket; CA, retracted lid following excision of eyelid cancer; trauma, retracted eyelid following surgery for 
eyelid injury; and postbleph, retracted lid following blepharoplasty. 

timmediate follow-up only. 

Plus sign indicates yes, minus sign, no; and plus/minus sign, acceptable but not perfect result. 

§RLL indicates right lower lid; LLL, left lower lid. 
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Fig 10.—Patient 1 before surgery (left) and after surgery (right). 
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Complication 





right lower lid again became retracted. 
This was correeted a second time with 
the new technique (Fig 12). 

Complications included a failure of 
surgery that required reoperation 
(five eyelids); an improved but not per- 
fect eyelid retraction result (four 
eyelids); prelonged lid swelling (one 
patient); eyelid asymmetry (one pa- 
tient); postoperative lid infection (one 
patient); pregressive Graves’ ophthal- 
mopathy (one patient); tearing (two 
patients); a stitch abscess (one pa- 
tient); problems with the ocular pros- 
thesis (one patient); and thinning of 
the dissected eyelid edge (one patient). 
Complications-are summarized in Ta- 
ble 3. 

A theoretical disadvantage is dis- 
turbance of the attachment of the 
lower eyelid retractors to the tarsus by 
the dissection. Detachment or stretch- 
ing of the lower eyelid retractors is re- 
ported to lead to ectropion of the lower 
eyelid.***° However, support of the dis- 
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Table 3.—Complications 


Thinning of eyelid edge 1 
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Fig 11.—Patient 22 before surgery (left) and after surgery (right). 
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Fig 12.—Patient 24 before surgery (left) and after surgery (right). 





No. of 
Patients 


No. of 
Eyelids 
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sected lid as described in the technique 
presented here prevents postoperative 
eyelid malposition. 

A possible slough of the dissected 
lower lid edge is of some concern since 
the dissection removes much of the 
blood supply to the lower lid edge. The 
dissected lower eyelid strip is attached 
only by conjunctiva and a narrow me- 
dial pedicle. Lid slough has not oc- 
curred, although one patient developed 
postoperative thinning of the eyelid 
edge. 


COMMENT 


The operation reported here uses 
three surgical concepts, each of which 
has been previously employed in lower 
lid operations.'*"3?’? The new opera- 
tion is unique in combining these sur- 
gical maneuvers to eliminate all 
sources of downward traction on the 
lower eyelid. 

As noted, the procedure may be 









modified. The prezygomatic flap dis- 
section was most often omitted in pa- 
tients with Graves’ ophthalmopathy, 
especially those operated on at the 
time of orbital decompression. While 
periosteal support of a prezygomatic 
flap can sometimes be omitted, we be- 
lieve it is an essertial part of the tight 
retracted lower eyelid procedure in 
many patients and has contributed 
significantly to the good results re- 
ported here. 

The term cicatricial ectropion 
should be restricted to patients whose 
primary defect is cicatrization of the 
anterior lamella of the lower eyelid 
(skin and muscle) with outward rota- 
tion of the eyelid and exposure of the 
palpebral conjunctiva. The term re- 
tracted lower eyelid is more accurate 
when tightness ef both the skin and 
muscle (anterior lamella) and the tar- 
sus and lower eyelid retractors (poste- 
rior lamella) are responsible for verti- 
cal downward displacement of the 
noneverted lid. The importance of the 
heavy muscle and fatty tissue of the 
face in aggravating downward dis- 
placement of the lower eyelid should 
be appreciated. 

The true cicatricial ectropion must 
be repaired with a skin graft. The tight 
retracted lower eyelid can be repaired 
in most patients using the technique 
reported here without a skin, cartilage, 
or scleral graft. 

We suggest the following classifica- 
tions for downward displacement of 
the lower eyelic: (1) involutional ec- 
tropion (the eyelid is lax and everted); 
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E (2) cicatricial ectropion (there is cica- 
trization of the outer lamella of the 
yelid; the eyelid is usually everted); 
and (3) retracted lower eyelid (the 
eyelid is tight; the pull on the retracted 
lid is straight down; the eyelid is usu- 
ally not everted). 

- Although sclera and cartilage have 
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a graft, only 1 patient required reop- 
eration, and this failure was related to 
progressive Graves’ ophthalmopathy. 

The procedure described here was. 
effective in repairing the tight re- 
tracted lower eyelid from a variety of 
causes In 56 of 61 eyelids in 40 patients. 
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Tight Retracted Lower Lid——Smali & Scott 
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From the collections of the St. Louis Mercantile Library Association. 


WHAT'S ON TOP CAN MAKE ALL 
THE DIFFERENCE. 





‘2 Pilagan” 


(pilocarpine nitrate) 
Liquifilm® sterile ophthalmic solution 
with C Cap™ Compliance Cap Q.D. 


Pilagan is indicated for the control of intraocular pressure 
in glaucoma. 






Please see adjacent page for brief prescribing information 


THEY WON'T GET IT. 
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Pilagan (pilocarpine nitrate) 
Liquifilm® sterile ophthalmic solution 
with C Cap™ Compliance Cap Q.I.D. 


INDICATIONS AND USAGE: Pilagan Liquifilm is indicated for: 


1) The control of intraocular pressure in glaucoma. 

2) Emergency relief of mydriasis in an acutely glaucomatous 
situation. 

3) To reverse mydriasis caused by cycloplegic agents. 


CONTRAINDICATIONS: Pilagan Liquifilm is contraindicated in per- 
sons showing hypersensitivity to any of its ingredients. 


WARNINGS: Pilocarpine is readily absorbed systemically through 
the conjunctiva. Excessive application (instillation) may elicit systemic 
toxicity symptoms in some individuals. 


PRECAUTIONS: General: Pilocarpine has been reported to elicit 
retinal detachment in individuals with pre-existing retinal disease or 
predisposed to retinal tears. Fundus examination is advised for all 
patients prior to initiation of pilocarpine therapy. Carcinogenesis, 
mutagenesis and impairment of fertility: No studies have been 
conducted in animals or in humans to evaluate the potential of these 
effects. Pregnancy Category C: Animal reproduction studies have 
not been conducted with pilocarpine. It is also not known whether 
pilocarpine can cause fetal harm when administered to a pregnant 
woman or can affect reproduction capacity. Pilocarpine should be 
given to a pregnant woman only if clearly needed. Pediatric Use: 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Adverse reactions associated with topical 
pilocarpine therapy include: visual blurring due to miosis and accom- 
modative spasm, poor dark adaptation caused by the failure of the 
pupil to dilate in reduced illumination, and conjunctival hyperemia. 
Miotics have been reported to cause lens opacities in susceptible 
individuals after prolonged use. Systemic reactions following topical 
use of pilocarpine are rare. 


= ALLERGAN PHARMACEUTICALS 


A Division of Allergan, Inc., Irvine, CA 92713 
©1989 Allergan, Inc. 








REFLECTIONS OF GREATNESS 


Gerald Ford, President: 1974 - 1977. 
Eagle Scout, 1927. 


“The child is father of the man.” Words- 
worth said it over one- hundred fifty 
years ago. The strengths ingrained in 

youth flourish with age. 







For more than seventy 
years, the Boy Scouts have 
perpetuated the ideals of 
America: honor, charac- 

ter, loyalty; duty to 

God, mankind, and 

country. 


It’s not surprising 
some of our 
nation’s outstand- 
| ing citizens and 
leaders have been 
Boy Scouts. 





BECOME A MEMBER OF THE NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 


Your one-year, $10 membership entitles you to the Alumni 
Bulletin, the Annual Report, a membership card and an 
attractive wall certificate suitable for framing. 

A three-year, $30 membership entitles you to a free Norman 
Rockwell print, as well as all of the benefits of a one-year 
membership. 

Write today tæ 
National Boy Scout Alumni Family 
1325 Walnut Hill Lane ¢ Irving, Texas 75062 - 1296 
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All medications for allergic ocular disorders are not alike. 
There's only one that blocks the allergic process. The 
one that works at the site of the symptoms, the eye— 
OPTICROM 4% Ophthalmic Solution. 

Site-specific, nonsedating OPTICROM significantly 
reduces redness, itching, tearing, and grittiness 

within days.'* 

OPTICROM is well tolerated therapy—used safely in 
more than 20 million eyes worldwide.* And it’s safe 

for patients over 4 years of age. 


OPTICROM. Effective relief that’s site-specific. 
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RAPID-ACTING OPHTHALMIC SOLUTION, 40 mg/mL Opticrom "4% 
® 


\ Ophthalmic Solution 
molyn sodi 
°phthalmic solution, USP! 
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*See adjacent Brief Summary for listing of certain allergic ocular disorders. 
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RAPID-ACTING OPHTHALMIC SOLUTION, 40 mg/mL 
® 





(cromolyn sodium/FISONS) 


INDICATIONS AND USAGE: OPTICROM is indicated in the treatment of certain allergic 
ocular disorders referred to by the terms vernal keratoconjunctivitis, vernal conjunctivitis, 
giant papillary conjunctivitis, vernal keratitis, and allergic keratoconjunctivitis. The etiologic 
factors are unknown, but common airborne allergens and contact lenses have been impli- 
cated.’ 


Symptomatic response to therapy (decreased itching, tearing, redness, and discharge) is 
usually evident within a few days, but longer treatment for up to six weeks is sometimes 
required. Once symptomatic improvement has been established, therapy should be con- 
tinued for as long as needed to sustain improvement. 


If required, corticosteroids may be used concomitantly with OPTICROM. 


Users of soft Papo contact lenses should refrain from wearing lenses while under 
treatment with OPTICROM (see Contraindications). Wear can be resumed within a few 
hours after discontinuation of the drug. 


CONTRAINDICATIONS: OPTICROM is contraindicated in those patients who have shown 
hypersensitivity to cromolyn sodium or to any of the other ingredients. 


As with all ophthalmic preparations containing benzalkonium chloride, patients are advised 
not to wear soft contact lenses during treatment with OPTICROM. 


PRECAUTIONS: General: Patients may experience a transient stinging or burning sensa- 
tion following application of OPTICROM. 


The recommended frequency of administration should not be exceeded. The dose for adults 
and children is 1-2 drops in each eye 4-6 times a day at regular intervals. 


Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long term studies in mice 
(12 months intraperitoneal treatment followed by six months observation), hamsters (12 
months intraperitoneal treatment followed by 12 months observation), and rats (18 months 
subcutaneous treatment) showed no neoplastic effect of cromolyn sodium. 


No evidence of chromosomal! damage or cytotoxicity was obtained in various mutagenesis 
studies. 





No evidence of impaired fertility was shown in laboratory animal reproduction studies. 


Pregnancy: Pregnancy Category B. Reproduction studies with cromolyn sodium adminis- 
tered parenterally to pregnant mice, rats and rabbits in doses up to 338 times the human 
Clinical doses produced no evidence of fetal malformations. Adverse fetal effects (increased 
resorption and decreased fetal weight) were noted only at the very high parenteral doses that 
produced maternal toxicity. There are, however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when OPTICROM is 
administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 4 years have not been 
established. 


ADVERSE REACTIONS: The most frequently reported adverse reaction attributed to the 
use of OPTICROM, on the basis of reoccurrence following readministration, is transient 
ocular stinging or burning upon instillation. 


The following adverse reactions have been reported as infrequent events. It is unclear 
whether they are attributable to the drug: conjunctival injection, watery eyes, itchy eyes, 
dryness around the eye, puffy eyes, eye irritation, styes. 


CAUTION: Federal law prohibits dispensing without prescription. 
OPTICROM® is a registered trademark of FISONS plc. 


REFERENCE: 1. Allansmith MR, Abelson MB: Ocular Allergies. In: The Cornea, ed. 
G Smolin, RA Thoft. (Little, Brown and Co., Boston/Toronto, 1983); 231-43. 
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A few small 
reasons to 
control your 
blood pressure. 


You want to make your children 
happy? Then stick around and stay 
healthy. Avoid heart attack or 
stroke or kidney disease by taking 
care of your blood pressure. Take 
your pills, cut down on salt, watch 
your weight and exercise. That 
way, everyone keeps smiling. . . 
especially you. 


Treat your 
HIGH BLOOD PRESSURE 
Treat yourself right. 


The National High Blood Pressure Education Program; 
The National Heart, Lung, and Biood Institute: 
National institutes of Health; Public Health Service; 
U.S. Department of Health and Human Services 





















Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
- interest and tmportance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 


Accredited spexsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inciusion m the list free of charge. Listings will be published for 3 consecutive months and 
‘should be recewed at least 5 months prior to date of course, eg, for a June course by Jan 
1 to be inciudec in the March, April, and May issues. A course held between the first and 
IRF days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
published unless it contains the following information: title, location, date(s), sponsor(s), 
and contact adiress, Optional information includes CME category 1 hours of instruction, 
_regetration fee, and guest speakers, Listings should be typed double-spaced with 2-in left 













‘spousor for more detailed information. 


CALIFORNIA 


hihalmol CorfEduc Prgms 1989-1990 At: Los 
nyeles Dates: hroughout 1990 Sponsor: Jules 
‘Stein Eyelins: and Dept of Ophthalmol, UCLA 
$e af Med Caatact: Gretchen Falvo, Dir, Ac- 
= ademie Prems 4212) 825-4617 





Juiles Stein Eye inst Ann Postgrad Sem — Giau- 
coma: Current Concepts in Diagnosis and 
Treatment At Los Angeles Dates: 4/6/90 and 
4/3/90 Hrs Instr: 16 Reg Fee: $395, practicing 
physicians, $195, residents and technicians, and 
$73, dinner danse per person Contact: Gretchen 
Falvo, Dimof academic Prgms, Jules Stein Eye 
Inet, 100 Stein Plaza, UCLA, Los Angeles, CA 









— and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 
600 N Wolfe Si. Baltimore, MD 21205. Readers are encouraged to contact the accredited 


and Orbit At: Los Angeles Date: May 11,1990 Hrs 
instr: & Reg Fee: $250 Sponsor: The Jules Stein 
Eye Inst and the Dept of Ophthalmol, UCLA 
School of Med Contact: Gretchen Falvo, Dir of 
Academie Prgms, Jules Stein Eye Inst, 100 
Stein Plaza, UCLA, Los Angeles, CA 90024- 
7000; (213) 825-4617 


Basic Science Course in Ophthalmol at Stanford 
At: Stanford Dates: 7/2/90 to 8/31/90 Reg Fee: 
$1600 Contact: Basic Science Course, PR Eg- 
bert, MD, Dir, Dept of Ophthalmol, A-157, 
Stanford Med Ctr, Stanford, CA 94305-5308 


FLORIDA 


11th Ann Clin Vision Research Course At: Long- 
boat Key Dates: 4/25/90 to 4/28/90 Topic: Ep- 
idemiologic and Biostatistical Approaches 





Beinhauer, Conf Mgmt ‘Assoc Ine, ‘127 Br 
Hollow, Hanover, NH 03755; ( 603) 643-2325 


Third North Am Courseof the Pan-American Assi 
of Ophthalmol At: Orlando Dates: 5/24/90. 
5/27/90 Contact: Pan American Course, 
Box 015869, Miami, FL 33101; (305) 326-6099. 





14th Ann Meeting of the Christian Ophthalmol z 
Soc At: Pensacom Bates: 6/21/90 to. 
6/24/90 Contact: Dr Walter J. Paschall, 1424 E 











42nd Ann Clin Cont At: Chicago Dates 5/24/90 to 
5/25/90 Reg Fee: normensbers, $300 ($175 for! 
day), members, $250 #15Cfor 1 day), residents 
$50, and office staff program, $50 Sponsor: Chi- 
cago Ophthalmologieal Soe Contact: Julie 
Hughes, Chicago Ophthalmological Soc, 515 N 
Dearborn, Chicago, I 60810; (312) 670-2583 





KENTUCEY 
Clin Adv in Treatment of Retina, Vitreous, and 


Uveal Dis for the Practicing Ophthalmologis' 
At: Lexington Dates: 5/6/80 to 4/7/90 Contact 
Karen Heidorn, Humana: “osp-Lexington, 150. 
N Eagle Creek Dr, Lexington, KY 40509; (606). 
268-3754 Eea E 


















‘Ocular Oncology: Course: Current Prac in Diag- 
nosis and Management of Tumors of the Eye 


PAN AMERICAN ASSOCIATION OF OPHTHALMOLOGY 
PRESENTS THE 
THIRD NORTH AMERICAN COURSE 
MAY 24-27, 1990 
ORLANDO, FLORIDA 


MODERATORS 
Marshall Parks, M.D. 
Alfredo Sadun, M.D., Ph.D. 
L. Michael Cobo, M.D. 
Richard Simmons, M.D.—Richard Parrish, M.D. 
Walter Stark, M.D.—Juan Batlle, M.D. | 
Hilel Lewis, M.D.—Mark Blumenkranz, M.D. 
Gary Abrams, M.D.—Bradiey Straatsma, M.D. 
Don H. Nicholson, M.D.—Stanley Chang, M.D: 
David Tse, M.D. 


PROGRAM DIRECTOR 
Eduardo Alfonso, M.D. 


This pregram is designed to enhance and review clinical knowledge in ophthalmology by providing a 

| three-day symposia. Approximately 50 national and international speakers will review and present new - 
advances in their areas of clinical expertise. Registration fee includes all lectures, course materials, — 
coffee breaks and reception. Special rates have been obtained at the Hyatt Regency-Srand Cypress — 

| Hotel. z aa 
| The University of Miami School of Medicine designates this continuing medical educatio a activity for 
| twenty (20) credit hours in Category 1 of the Physician's Recognition Award of the American Medical | 
For further information please contact: Bascom Palmer Eye Institute, P.O. Box 015869, liami, 
ida 33101. Telephone: 305/326-6099. : 








Sponsor: Nat! Eye Inst Contact: Catherine M. (Centinued onp 451. 


TOPICS 
Pediatric Ophthalmology 
Heuro-Ophthalmology 
Cornea 
Glaucoma 
Cataract 
Retina 





Plastics 
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The Department of 
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This program will / P VA LASER PHACOLYSIS 
feature the latest AND ELECTRO. 























developments on ORTAN Y MAGNETIC ASSISTED | 
two NEW cataract | CATARACT SURGEN E 








DOHENY EYE INSTITUTE techniques: 


Presents 





June 3E 9, 1990 
The Waldorf Astoria Hotel 
New York, NY 

______LIVE TELEVISED SURGERY _ _ 
CURRICULUM: This course seeks to update the cataract 
surgeon on the latest trends in cataract and implant 
surgery. Particular emphasis will be placed on LIVE 
TELEVISED SURGERY with ongoing communication 
between the surgeon and registrants. In addition, lectures 
and panel discussions will supplement the surgical 
techniques. 
COURSE CHAIRMAN: Jack M. Dodick, M.D. 
GUEST FACULTY: Drs. David Apple, John D. Hunkeler, Norman 
Jaffe, Manus Kraff, Guy Knolle, Richard Lindstrom, Enrique Malbran, 
William Simcoe, Robert Sinskey, Walter Stark. 
HOST PARTICIPANTS: Drs. Richard Binkhorst, Brian Curtin, 
Jack Dedick, Anthony Donn, Charles Kelman, David Langerman, oe 
Jerome Levy, Maurice Luntz, Stephen Obstbaum, Richard Troutman, © {. 
and Arnold Turtz. o 
















DIODE LASER WORKSHOP: 
THEORY AND APPLICATION 


Friday, April 20, 1990 


















Course Directors: 
Lawrence P. Chong, M.D. 
Richard R. Ober, M.D. 





















Guest Faculty: 
e -o John Marshall, Ph.D., Institute of Ophthalmology, London, LLK. 
RDA. McHugh, F.R.C.S., Institute of Ophthalmology, London, UK. 
a -Ingolf H. Wallow, M.D., University of Wisconsin, Madison, Wh. 




















D Doheny Faculty: — l LIMITED REGISTRATION, CME CATEGORY I ACCREDITATION 
a ONE P. Chong, M.D. James F. Martone, M.D. | a | Sees eee 

bach, M.D. Richard R. Ober. MD For Information Contact Francine Leinhardt, Course Coordinator 

oe i 2 onald A. Fram PEN = P A Manhattan Eye, Ear and Throat Hospital 

3 om S. Lean, M.D. Stephen J. Ryan, M.D. 210 East 64th Street, NYC, NY 10021 





(212) 838-9200 ext. 2776 FAX (212) 832-9126 _ 





















Course Content and Objectives: 
This i is the inaugural diode laser course in the United States. 
-This practical laser program is intended to introduce the 
hthalmologist to a unique, portable, semiconductor, slit 

np delivered laser unit. The course will cover the following 


œ Scientific Theory 


e Histopathology 
Retinal Applications e Doheny Clincal Experience 
me © n y PE DETSE S r $ ¢ SE ay g Bererience Fretibeconnetrercovevasaneathnsther a BA orner 
Glaucoma Applications London Clinical Experience Af WASHINGTON UNIVERSITY MEDICAL ENEA 
3 Ar PACES UNIVERSITI Bee CEEE 


Hands-on Workshop Wisconsin Clincal Experience 
Third Annual 


“When completed, the physician will understand the theory CONTACT LENS COURSE 
- and application of the diode laser for retinal and glaucoma June 1 - 2, 1990 


disease. He/she will have completed a hands-on workshop Washington U rsity School of Medi 
ashington Universi ool of Medicine 


using model eyes. 
Oa arc ia Department of Ophthalmology 
St. Louis, Missouri 








Hours: H J. The 
8:00 a.m. - 5:00 p.m. T | suai ee aa 
Jack Hartstein, M.D. 
„Accreditation: Registration: Program Chairman 
; ae -$250.00 Charles R. Harris, P.D., F.C.L.S.A. 
“CMA 1 AMA credit Limited Enrollmert Kenneth V. Swanson, F.C.L.S.A. 
: | Program Co-Chairmen 
= Technical Support: Advanced Course - 1 day seminar 
Keeler Instrument Company, Inc. 1/2 day optional workshop 
l ~ Ophthalmologists 
Information: ~ Experienced or beginning technicians 
Dave Cai rpenter, Director CME ~ Other eye care specialists 
213/224-5580 ann 
L ee ati on. z al Disposable lenses - Ea ns enai lenses 
PE PE o — Bifocal soft contact lenses 
Doheny Eye Institute = Contact lenses vs. refractive surgery 
1355 San Pablo Street = Collagen shields vs. therapeutic soft contact lenses 
Los Angeles, CA 90033 = Confocal microsurgery of the living eye 


Office of Continuing | Medical Education 
(800) bog ne (314) 362-€893 In Missouri 










s ; ed jr am p 449) MISSOURI The New York K Soe 2 ‘or ; 
fi ; s , Mtg At: New Yous Date: 
oa a kan D. eCard. Jr PMD, Third Ann Contact Lens Course A or aou Francine Leinhard: 
Emory Univtentact: Nancy Rodman, Sem Co- Dates: 6/1/90 to 6/2/90 Sponsor: Washington Eye, Ear & Throa? Hosp, 210 E ith St. N 
ord, 301 E Muhammad Ali Blvd, Louisville, KY University Seh of Med, Dept of Ophthalmol York, NY 10021; (22) 688-9200, ext 2776- 


































40° 20: 2: (502) 388-3466 Contact: Office of CME; (800) 325-9862, (814) 
5 =) a 362-6893 (Missouri) 1990 Internati VisionE xpe & Conf incorporati 
aie East At: — Fork Dates: 4/6 ‘90 te 
MARYLAND NEW JERSEY paar aces 


$ 43th. Walter Reed Ophthalmol Postgrad Course 
© Ate Bethesds Dates: 3/26/90 to 3/27/90 Hrs 
o ste 16 Contact: Nancy Mastbrook, Coord, 
- Ophthalmol Serv, Rm 1F14, Walter Reed Army 
. Med-Crr, Washington, DC 2037-5001; (201) 576- 





Symp on Immunologic Disorders of the Visual 
Sys At: Atlantic City Dates: 5/7/90 to 5/8/90 
Hrs instr: 15 Reg Fee: $375, $215 for residents, 
nurses, and students Sponsor: UMDNJ-New 

























: l E960 . Jersey Med School-Eye Inst of New Jer- 7 
as sey Contact: Patricia Serles, Dept of CME, cine eaae Course Eoord, Manhattar: 
acs UMDNJ-New Jersey Med School, 185 South Ear & Throat Hosp, 210 E 84th St, New Yo 
eens eae Orange Ave, Newark, NJ 07103-2757; (201) 456- NY 10021, (212) 836-9200, ext 2776 - 3 
4267 ae 


























os m Postgrad Ophifiaimoi At: Boston Dates: 3/30/90 


Vitrectomy in Anterisr asd Posterio: “Segme 
te 4/3790 Hracingtr: 41 Reg Fee: $625: $525 for 





a An Corneal Assoc of NJ: Second Ann Corneal Symp Surg At: New Yor Date: 4/21/9 Ce 
residents anv fellows Sponsor: Harvard Med At: West Orange Date: 4/21/90 Contact: Bar- David B. Karlin, ME, Course Coord, Man 
Seh Contact: Harvard Med-CME, PO Box 825, bara Mysko, Conf Coord, Corneal Assoc of NJ, Eye, Ear & Throat Hosp, 210 E 64th $ 


Boston, 1 MA OZI; (617) 732-1525 101 Old Short Hills Rd, Suite 520, West Orange, York, NY 10021; (222) 888-9200, ext 2776 


ations anc Contreversies in Cataract Surg: NJ 07082; (201) 736-1313 

cemulsitication, Small Incision and Multi- NEW YORK 

IOLs, & Special Techniques—Lectures 

fet Labat: Boston Dates: 6/2/90 to 6/3/90 A Clin Day in Ophthalmol: Ocular & Orbital 


Sigmund Schutz Prefessorship— Visitin: 
fessor —Frederick Jakobiec, MD A 
York Dates: 4/26/98 to.4°28/90 Contac 






l baie A cine Leinhardt, Course G ord, Manhat: ! 
et: OphihaimicEdue, Massachusetts Eye Trauma At: Garden City Date: 5/23/90 Hrs Ear, & Throat Hosp, 210 E64th St, New Y 
‘Infirmary, 248 C 'harles St, Boston, MA Instr: 7 Reg Fee: $150; $75, residents & fellows NY 10021; (212) 8389208 ext 2776 a 


C2214; 4017) STB-S526 Sponsors: Depts of Ophthalmol, Long Island 





Jewish Med Ctr & North Shore Univ Hosp/ Pediatric Ophthaimo: and Strabismus 
MICHIGAN Cornell Univ Med Ctr Contact: Ann J. Boehme, 1990 At: New York Date: 5/5/90 
CMP, Assoc Dir for Cont Educ, Long Island Manhattan Eye, Ear & Throat Hos 


= 62nd. Ana Ophthalmol Spring Postgrad Cont: Re- Jewish Med Ctr, New Hyde Park, NY 11042: 

- ent Advances in Eye Plastic and Orbital Surg (718) 470-8650 Eye, Ear & Throat Hoss, 210 E 64th: 
O Bt: Ana Arbor Dates: 5/18/90 to 5/19/90 Spon- l York, NY 10021; (288) 838 3-9200, ext 2776 
sor: Univ of Michigan Med Sch, Dept of Oph- Dept of Ophthalmol Postgrad ee 

© thalmel Certact: Betty Phillips, Pram Asst, cein Workshop At: New York Date: 3/24/9 Pediatric Ophthalmol: ‘Symp At: New York 
Ciice of CME, G-1100 Towsley Ctr, PO Box Contact: Francine Leinhardt, Course fines 5/5/90 Contact: Francise Leinhardt; 

| 0202, Univ of Mickigan Med Sch, Ann Arbor, MI Manhattan Eye, Ear, & Throat Hosp, 210 E 64th Coord, Manhattan Eve, Ear, & Throat Ho: 

R109-8201: (513) 763-1400 St, New York, NY 10021, (212) 882-9126 (È ontinued On p 45. 


Francine Leinhardt. Course Coord, Ma 












BASIC SCIENCE COURSE IN OPHTHALMOLO 3Y 
AT STANFORD 
July 2 through August 31, 1990 


Sponsored by the Department of Ophthalmology, Stanford University Medical Center a: d pr ső € 
operation with the University of California, Davis; Pacific Presbyterian Medical Center: a di 
a amia, San Francisco. 





tbe fundamentals of ophthalmology, through intensive lecture and laboratory: work, at beautiul 
: orci niversity near San Francisco. Both American and foreign participants are welcome. — : : 


Sections include Anatomy, Microbiology and External Diseases, Pathology, Physiology ard 5 Shania 
Emoryology, Genetics, Motility, Glaucoma, Pharmacology, Neuro- -ophthalmolog?, Fluoresce 


Angiography, Optics and Theory of Refraction, and other important shorter is sage oS 














J. a eet M. Fishman, A. Flach, D. Guyton, J. Heiheinaion, C. Hoyt, M. Marmor, G. Pari 
A. Scott, W. Scott, R. Shaffer, M. Smith, G. Smolin, W. Spencer, R. Stamper and man? © 
faculty cf 60. 










a uit on ie $1600. For further information and application forms, please write to Basic oe. 
© POR. Egbert, M.D., Director: Department of Ophthalmology, A-157; Saniora: Mad 
Stanford, | PA 94305- 5308. 
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Fourteenth Annual Meeting 
JUNE 21-24, 1990 
PENSACOLA, FLORIDA 


Forefront clinical presentations and discussions will feature 
distinguished speakers including: GLAUCOMA 1990 - 
Dr. Dale K. Heuer, Dr. M. Bruce Shields, Dr. Richard K. 
Parrish; RETINA 1990 - Dr. William E. Smiddy, Dr. Karl R. 
Olsen, Dr. Charles E. Clevenger; MOTILITY 1990 -Dr. 
john T. Flynn; and MORE! EXTERNAL DISEASE NUGGETS - 
Dr.Scheffer Tseng - CATARACT GEMS - Dr. C. Roger DeHaven 
and we hope to add another paper on ENDOPHACO by Dr. 
ohn Costin --& CT or MR? by Dr. B.K.Farris - DON’T MISS! 
- PLUS-SPIRITUAL RENEWAL! SPECIAL FAMILY PROGRAMS! 
~ SEE THE PENSACOLA NATIONAL NAVAL AIR MUSEUM! STAY 
AT PERDIDO BEACH HILTON HOTEL, ORANGE BEACH, ALA! 
_ Special grants are available for doctors in training, too! WE 
NA NT TO SEE MEDICINE TURN BACK TO RIGHTEOUSNESS! 
- PRAY FIRST AND THEN COME AND HELP US !! 

CONTACT: Dr. Walter J. Paschal 
1424 East Front Street 
Tyler, Texas 75702 








_ External Dis Symp At: A 


Manhattan Dye, 


Era e, Ear e Leinhardt, ee 210 E 64th St. New 
York, NY 18021; (212) 838-9200, ext 2776 


Yew York Date: 5/12/90 
Contact: Fsancine Leinharét, Course Coord, 
var & Throat Hosp, 210 E 64th 
St, New York, NY1 0021, (212) 838-9200, ext 2776 














Adler Lecture -Eye vement and. i $ 
At: Philadelphia @ate 41/26/90 Hrs Instr: 2 
Fee: $55 Sponser: Seheie Eye Inst Conta 
Mary Martino, Cord, CME, Scheie Eye Inst, 
N 39th St, Philacelphia, PA 19104: (215) 662 
8119 
















Ann Mtg — Neuro-Ophthaimot! Symp At: Philad. 
phia Date: 4/27/90 Reg Fee: $125. Sponsi 
Scheie Eye Inst Contact: Mary Martino, Coord, 
CME, Scheie Eye Inst, 5} N 39th St, Philadel- 
phia, PA 19104: (215) 862-8119 






















Glaucoma Symp At Phxadelphia Date: 5/ l 








Diagnestic imaging of the Eye and Orbit: Ultra- 
sound, CT, & MRI At: New York Dates: 6/1/90 
te 6/2/90 Contact: Suzanne Woods, RN, Dept of 
Ophthalmol Cornell Univ Med Coll, 525 E 68th 
st, Mew York, NY 10021; (212) 746-2504 


The Masters of Cataract Surg At: New York 
Dates: 6/8/80 to 6/9/90 Sponsor: Dept of Oph- 
_ thalmel, Manhattan Eye, Ear & Throat Hosp 
< Contact: Francine Leinhardt, Course Coord, 
a: attan Dye, Ear & Throat Hosp, 210 E 64th 





2/90 Sponsor: The » Clev eland Clinie 
ontact: The Cleveland Clin Educ 
Found, Dept of Cont Educ, 9500 Euclid Ave, 
Room TT- 31, Cleveland, OH 44195-5241: (800) 
762-8173 (outside Ohio), (800) 762-8172 (Ohio), 
444-5690 (local) 





OREGON 


New Techniques in Small incision Cataract Surg 


Hrs Instr: 3 Reg Fee: none Sponsor: Scheie Ey 
Mary Martino, Coord, CM 
Scheie Eye Inst, 5) N 2th St, Philadelphia, PA 
19104; (215) 662-8719 


Inst Contact: 


26th Ann Spring Mtg, Pitisburgh Ophthaimot Soc 
At: Pittsburgh Dates: 2/30/90 and 3/31/90 Req 
Fee: $250, physicians, 2125, residents Contact: T 
Pittsburgh Ophthalme! Soc, Pat Williamson; i 
Exec Asst, 2545 Massie Bivd, Monroeville, PA i: 
15146; (412) 248-8845 








Fiyna, MD, Univ of Miami 





ester Seh of 


wood Ave, Eox 677, 
21 ABS2 






. Uveal Diseases for 









€ ‘hi icago 

ntucky Faculty 

Charles C. Barn, M.D. 

~~ John W. Collins, M.D: 

Paul B. Griggs, M.D. 
Bruce H Koffler, M.D. 
William: N. Offan, IV, M.D. 





aw York, NY 10020; (212) 838-9200, ext 2776 


Ans Ophthalmot Conf Featuring the 35th Ann Ab 
bert C. Sne Memorial Lecture At: Rochester r 
Dates: 4/6/90 and 4/7/90 Speaker: John T. 
Sch of Med, Bascom 
Palmer Eye inst Sponsors: Rochester Ophthal- 
mologie Soc, Dept of Ophthalmol, Univ of Roch- 
Med and Dentistry Contact: Univ 
of Rechester Med Ctr, Office of CPE, 601 Elm- 
Rochester, NY 14642; (716) 


Ophthalmol Enters the 90s At: Valhalla Date: 6/ 
2/90 Reg Fee: $125, attending physicians; $35, 
residents & tellows Contact: Dept of Ophthal- 
mol, Gerald D. Zsidman, MD, Westchester 


97401; (503) 484-3937 


(215) 322-8950 


Retina ConfAt. Philadelphia D 
instr: 3 Reg Fee: None Spons 
Contact: Mary Martino, Co 
Eye Inst, 51 N 39th St, Phila 


(215) 662-8119 


Objectives 
This one and one-ha 
will provide an updz 
approach to the dia 
treatment of comn 
the macula, retina, v 
uvea. Ample discussi 
review new treatment p 
tions released by the Early 
Treatment Diabetic ptinopathy 
study and state-of-the-art 
photocoagulation techniques. 
















ay course 
practical 
sis and 


ous and 
time will 
ammenda- 


Registration 
Physicians x o5.< 53 eek $195.00 
Residents, Fellows ...... $ 85.00 


w 


The Center for Advanced Eye Pm ger 


“Jumana Hospital -L 


At: Ashland Dates: 5/11/90 to 5/13/90 Contact: 
Oregon Eye Inst, 1550 Oak Sty: Eugene, OR At: Pittsburgh Daves: 3/30/90 to 3/31/90 Reg 


. PENNSYLVANIA ‘ 


Wills Eye Hosp Ann Conf At: PA iladelphia Dates: 
3/29/90 to 3/31/90 Hrs Instr: 
prac phys, $100 retired phys, resi 
lows Contact: Jeanne Coughli 
1621 Norristown Rd, Maple Gle 

























lisorders of 


11th Ann Symp for Allied Ophthalmic Personnel 














$ Fee: $75 Sponsor: Pittsburgh Ophthalmol Si 
4 Contact: Pat Williamsen, Exec Asst, 2545 M 
side Blvd, Monroewille, PA 15146; (4 2) 243-884 


Ady Orbital Surg: Techniques and P 
ence At: Pittsburg: Dates: 4/20/90 
Hrs instr: 12 Reg Fee: 2959 Contac 
legheny Gen Hose, 389 E North 
burgh, PA 15212-9886; 













Jamin 


Reg Fee: $300 
ents, and fel- 
Manager, 


A ve, i 
PA 19002; 


(412) 359-4952 






{31/90 Hrs 
ie Eye Inst 
E, Scheie 
PA 19104; 


TEXAS 


12th Ann Dallas Spring: Ophthalmol Symp At: 
Dallas Dates: 3/28/96 to 3/31/90 Topic: In- 


‘Continued on p 455.) 









Retina, Vitreous 


















e Clinical Update for 
_ Ophthalmic Nurses and 
= Technicians on 
- April 6-7, 1990 





ecreation 

e Championship golf, tennis, 
swimming, health club 

e Cocktail reception and 
dinner at Iroquois Hunt Club 

e Thoroughbred racing and 
horse farm tours 








Sponsor 
The Center for Advanced Eys 
Humana Hospital-Lexington 








: Surgery 





Information/Registration 
- Karen Heidorn 
Humana Hospital-Lexington 
_ 150 North Eagle Creek Drive 
= Lexington, Kentucky 40509 
"PH: (606) 268-3754 















































JULES STEIN 
EYE INSTITUTE ANNUAL 
POSTGRADUATE SEMINAR 


Glaucoma: Current Concepts in 
Diagnosis and Management 


JULES STEIN LECTURE 


Richard F. Brubaker, M.D. 


Mayo Clinic 
Rochester, Minnesota 


Friday, April 6—Saturday, April 7, 1990 
Century Plaza Hotel, Los Angeles 


The Department 
of Ophthalmology 
Post Graduate 


May 5, 1990 


New York, NY 


“Glaucoma Ptosis, Lacrimal Disease, Trauma. 


E Rudolph Wagner, Frederick Wang, Maynard Wheeler. 


on Co-Chairs 
a Robert E. Christensen, MD. 
/ David A. Lee, M.D. 

a William € 


Pediatric Ophthalmology 
and Strabismus Update 1990 


Manhattan Eye, Ear and Throat Hospital 


CURRICULUM: This course will cover major topics in Pediatric 
Ophthalmology including, Visual evaluation in children, Cornea and 
racts, External Disease, Retinopathy of Prematurity, Tumors, 
‘Strabismus, Lyme Disease, Proptosis, Nystagmus, Amblyopia, Uveitis, 


COURSE DIRECTORS: Norman B. Medow, M.D. Irene Magramm, M.D. 


FACULTY: Drs. Scott Brodie, Joseph Calhoun, Anthony Caputo, Alfred 
Cossari, Howard Eggers, Caleb Gonzalez, Martin Lederman, Andrew 
Levada, Irene Magramm, Norman Medow, Richard Muchnick, Elizabeth 
Naidu, C.O., Paul Owens, Barry Pinchoff, Edward Raab, Renee Richards, 
Steven Rubin, Abraham Schlossman, John Simon, Marilyn Steingesser, 
Ed.D. Kathleen Stern, Robert Strome, Suzanne Veronneau-Troutman, 


. Panek, M.D. 


Guest Faculty 


Jorge A. Alvarado, MLD. 

San Francisco, California 
Joseph Caprioli, MD. 

New Haven, Connecticut 


-Eve J. Higginbotham, M.D. 


Chicago, Illinois 
Mare E Lieberman, M.D. 
San Francisco, California 
Donald $. Minckler, M.D. 
Los Angeles, California 
E. Michael Van Buskirk, M.D. 
Portland, Oregon 
Robert N. Weinreb, MD. 
San Diego, California 
Michael E. Yablonski, M.D., Ph.D. 
New York, New york 


UCLA School of Medicine Faculty 
Anthony €. Arnold, M.D. 
Michael $. Berlin, M.D. 
Gordon L. Fain, Ph.D. 
Jobs R. Heckentively, M.D. 
Gary N. Holland, M.D. 
Hilel Lewis, MD. 

Leon G. Partamian, M.D. 
David 5. Robbin, M.D. 
Alfred M. Solish, M.D. 

M. Roy Wilson, M.D. 


Post Graduate 
l Course 


The Department of 
Ophthalmology 





In addition to basic concepts underlying glaucoma, - 
this two-day seminar offers sections on visual 
fields and differential diagnosis, the optic disk 
and visual function, surgical and medical manage- 
ment, and the use of lasers in glaucoma. Panel 
discussions and question periods will provide 
opportunity for individual participation. 


‘Pwo social events will be held honoring the Jules Stein 
Lecturer and the course faculty: a reception at the 
Century Plaza Hotel on Friday evening and a dinner 
dance at the Beverly Hills Hotel on Saturday evening, 
Registration Fees 

Practicing Physician, $395.00 

Residents and Technicians, $195.00 

Dinner Dance, per person, $70.00 

CME Category 1 Credit, 16 hours 


To receive a detailed program announcement, call or write: 
Gretchen Falvo 

Director of Academic Programs 

Jules Stein Eve Institute 

100 Stein Plaza, UCLA 

Los Angeles, California 90024-7000 

(213) 825-4617 





| Current Management Of 
External Disease Problems 


Saturday, May 12, 1990 


Manhattan Eye, Ear and Throat Hospital 


New York, N.Y. 


CURRICULUM: Topics to be covered in this course include: 


dry eye syndromes, bacterial and fungal keratitis-diagnosis and 
management, new antibiotics, herpes sim plex keratouveitis, 
blepharitis herpes zoster keratouveitis, use of the collagen shield, 
persistent and recurrent epithelial defects, management of 
corneal perforations and use of tissue adhesives, allergic eye 
disease, medication induced and cica trizing eye diseases, 
COURSE DIRECTORS: Eric Donnenfeld, M.D. 

Michae! Starr, M.D. 

FACULTY: Drs. James V. Aquavella, Jules Baum, Eric Donnen- 
feld, R. Linsey Farris, Stephen Foster, Gary Foulks, Barry 
Hartman, Peter Laibson, Henry Perry, Michael Starr. 


LIMITED REGISTRATION: 


CME CATEGORY I ACCREDITATION. 


LIMITED REGISTRATION, CME CATEGORY I ACCREDITATION 
Ear Information Contact: Francine Leinhardt, Course Coordinator 


Manhattan Eye, Ear and Throat Hospital 
210 East 64th Street, NYC, NY 10021 


(212) 838-9200 ext. 2776 FAX (212) 832-9126 


For Information Contact: 


Francine Leinhardt, Course Coordinator 
Manhattan Eye, Ear and Throat Hospital 


210 East 64th Street 
New York, N Y 10021 
AZY2)- 838-9200 ext. 2776 













Cont ned from: p 4538) 
flammatory Dis of the Eve Reg Fee: $250 before 
8/1/90, $275 after 3/190, $75 for resident phy- 
© sittans Contact: Sind! Sonnier, Presbyterian 
> Healtheare System/CME, 8200 W alnut Hill Ln, 
> Dallas, TX 75231; (2143 696-8458 








dob Modification 19r ahe a of aba 


Beedness and Jor Vision, M. Stale 
University, PO Drawer 6189, Mississippi State, 





’ Fifth AnnNatlE ye Trauma Symp At: Dallas Dates: 
419/08 to 4/21/90 Reg Fee: $350 Sponsors: 
The Univ of Texas Southwestern Med Ctr at 
Dalasand The Nat] Eye Trauma System Con- 
tact: Eleanor Goldsmith, Dept of Ophthalmol, 
Univ cf Texas suede ae Med Ctr, 5323 
ary Hines El ivd, Dalias, TX 75235-9057; (214) 





YA. Argon Wotkshop for Ophthalmologists At: 
Se : Date: 5/15/90 Contact: Sind: Sonnier, 
terian Healthcare System/CME, 2200 
4 HU Lane, Dallas, TX 75281; (214) 698- 


WASHINGTON, DC 


‘Automated Perimetry: A Comprehensive Course 
forthe Clinician and Technician At: Washing- 
fom Dates: 4.27/90 to 4/23/90 Hrs Instr: 10 
Sponsor, Washington Natl Eye Ctr and the 
Dept of Ophthalmol, Washington Hosp Ctr 
Contact: Perslope A. Helfgott, WNEC, Suite 
éB-13, 110 Teving St, NW, W ashington, DC 
ZOOI (200 77-6982 


t1 Ann Review Course and Cont Educ Prgm for 
Qphivainic Med Personnel At Washington 
Bates: SPL7/90 to 5/19/90 Contact: Phyllis L. 





r Oncology Course 
, May 11, 1990 


nt practices in diagnosis and management 


af tamors of the eye and orbit 
Co-sponsered by Doheny Eye Institute 





Fineberg, COMT, Ctr for Sight, 3800 Reservoir 
Rd NW, Was hington, DC 20007, (202) 687-4862 





: WEST VIRGINIA 


43rd Ann Natl Spring Mtg—The West Virginia 
Acad of Ophthalmol At: Winte Sulphur Springs 
Dates: 4/22/90 to 4/25/90 Contact: Patricia 
Schumann, Conf Coord, West Virginia Acad- 
emy of Ophthalmol, PO Box 6302, Health Sei 
Ctr Nerth, Mor gantown, WY 26506; nee? 293- 
3T57 


FOREIGN 


La Cataracte At: Montréal, Quebec, Canada 
Dates: 4/5/90 to 4/6/90 Contact: Entretiens 
Ophthalmologiques de l'Universite de Mont- 
réal, 2250 est Boul St-Joseph, Montréal, Québec, 
Canada, H2H 163; (514) 525-3888 or (514) 525- 
6420 


Eighth internat! Contact Lens & Kaleliot Seg- 
ment Cont At: Toronto, Ontario, Canada Dates: 
5/25/90 to 5/27/90 Contact: Harold A. Stein, 
MD, 40 Prince Arthur Ave, Toronto, Ontario, 
Canada, M5R LAS: (416) 966-3336 


Spring Symp of the Panhellenic Ophthalmotogi- 
cal Soc At: Patra, Greece Date: 4/7/90 Topic: 
Management of Unilateral Aphakia in Children 
and Young Adults Contact: Panhellenic Oph- 
thalmological Soc, Univ Eye-Clin, AHEPA 
Hosp, Thessaloniki, Greece : 





Third Ann Mtg of the Panhellenic Ol thalmotog- 
ical Soc At; Thessaloniki, Greece Date: 5/30/90 
Topics: trauma, refractive surg, contact lenses, 
neuro-ophthalmol Contact: Panhellenic Oph- 
thalmological Soc, Univ Eye Clin, AHEPA 
Hesp, Thessaloniki, Greece 


23th Panihetienic Cong of Ophthaimo! At: Thes- 
saloniki, Greece, Dates: 5/31/99 to 6/ 3/90 Top- 





Coordinators 

Bradley R. Straatsma, M.D. 
Robert Alan Goldberg, M.D. 
Howard R. Krauss, M.D. 
Peter E. Liggett, M.D. 
Hector L. Sulit, M.D. 


Featured Speaker 
Devron H. Char, M.D. 
University of California 
San Francisco 


Guest Faculty and 
Faculty of the 
University of California, 
Los Angeles 

and the 

University of 

Southern California 



















Contaci I RGEV D, Med © vi jew ed i 2 1 Yots 
Shinjuku-ku, Tokyo 1603J)anan 







26th internati Congress of Ophthaim 
gapore Dates: 3715/90 to 3/24/90 0 
Congress President.Arthur S, M. Lim, M 
Dept of Ophthalme: a Natl Univ Hosp, Lo 
Kent Ridge Rd, Singapere 0511, Republi 
Singapore 























Second Cong of the internati Soc of Ocular 1 Té 3 
icology At: Deidesheim, West Germany Dai 
5/20/90 to 5/24/98 Contact: Prof Dr Otto Hock- > 
win, Dept of Experimental Ophthalmol, Univ of © 
Bonn, Sigmund-Fresd-Swrasse 25, D-5300 Bonn Š 
1, West Germany cn! 



















Fourth Cong of the German implant Soc At Es 
SER, Wost Ger a Dates: a and 4/ 7 










Scie oe a rnatl tl Syne on Uy ; 
tis, INTERPLAN, Jophienstrasse 1, D 8000 
Munich 2; 089/59 44: 92 . 


The Seventh internati Orthoptic Congress: Ad. a 
vances in Strabismus and Amblyopia At sey 
Nürnberg, West Germany Dates: 6/2/90 to oo 
6/6/90 Contact: Office af the Congress Orga- 
nizing Committee, Dr Kurt Schumacher, Str 12, 
D-85090, Nürnberg E FRG: 09 11/2 2001 





















3.00 
CME Category I Credit, 8 Hours 


Registration Fee.$25 


To receive a detailed program 
announcement, call or write 


Gretchen Falvo 
Director of Academic: Progra ms ~ 
Jules Stein Eye fes am ee 
100 Stein Plaza, ‘ 
Los Angeles, Calif 
213} 82 5-4617 







90024-7000 





























4 + Improv baaie and clinical knowledge in ophthalmology 
e Assi sist residents and ia iia to study efficiently 


METHODS 


The pally was outstanding. The most pleasant thing was learning a tremendous amount, 
` not only from world-famous authorities but from people who are relatively unknown as well,"* 


TOPICS FACULTY 
Ocular Surface snap Feder, M.D. 
External Disease ba apes a 5 
. ads e€ 
Biochemistry Cornea i Wm. Beamon Hosp. +t 
Physiology Conjunctiva Hans Grossniklaus, M.D. 
- Pharmacology Sclera Emory University $ 
- Optics and Refraction Anterior Segment E + 
Ophthalmic Optics Anterior Angle Frederick Kapetansky, M.D. 
‘Refractive Errors Glaucoma Ohio State University + 
_ Instruments Lens Joel Kopelman, M.D. 
` Clinical Refraction Trauma New York Eye & Ear Infirmary f 
; , Joel Miller, M.D. 
- Intraocular Orbit and Adnexa Wayne State University tł 
~ Inflammation Orbit Thomas Mizen, M.D. 
‘Uveal Tract Eyelids e Na es # 
» . i ran esi m 
Ocular Tumors AAS System Wm. Beaumont Hosp., Detroit t 
> Posterior Segment a ed Matthew Rabinowicz, M.D. 
Retina Medical Problems Voe STE 
Vite Immunology eye ares ey 
sg : us! . St. Luke Med. Ctr. 
a Jon Ruderman, M.D. 
ystemic Diseases Northwestern University ¢ 
Emergencies Kenneth Simons, M.D. 
Medical College of Wisconsin tt 
Ophthalmic Pathology Thomas Stevens, M.D. 
Adnexa and Orbit University of Wisconsin + 
External Eye Howard Tessler, M.D. z 
Anterior Segment niversity of : inois, at Chicagof ł 
: Pupillomotor System Posterior Segment Harold Weiss, M.D. 
~ Oculomotor System Ne ee Ten 
= y Other Activities George Williams, M.D. 
‘Pediatric Eye Pathology Laboratory Wayne State University f 
Congenital Disorders Written Exam Lorenz Zimmerman, M.D. 
= Armed Forces Inst. of Pathology t 
Genetic Disorders Oral Exam 
: + March Course in Detroit 
- Strabismus Exam Review $ April Course in Chicago 
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AACS RRAHEHN HREM H ET EE E a aaa 


Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 











Name 
: Address 
City/State/Zip 
z À Phone For: [C] March 18-23, 1990 — Detroit 
ae ae [J April 13-18, 1990 — Chicago 
: Mail today to: C] May 5-10, 1990 — San Francisco! 
: 1094 Dawn Lane, Dept ArO3 LI] Nov. 8-13, 1990 — San Francisco! 
* PO. Box 2218. C Check is enclosed for $ 
Terre Haute, IN 47802 C] Please send more information. 


aanense Ge 6. 


HESKRMARABHAHSREHEKBHHKR HBR E 





“The C Opht talinology Board Review Course 
March 18-23, 1990 — Detroit 


April 13-18, 1990 — Chicago 
May 5-10 and November 8-13, 1990 — San Francisco 


Yow; your comprehensive review just before written and oral exams 
e HOME STUDY assignments with questions and answers 


è SEMINAR with projection-slide lecture and syllabus 
e PRACTICE EXAMS with oral and written parts 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The course is 
held the week before written and oral - 
exams. Home study questions will be sent 
before the course. Your best value is to 
repeat the seminar for half price the week 
before both written and oral exams. 
Topics and faculty are upgraded for each 
course. Meeting hotels are chosen for the 
best combination of excellent study en- 
vironment and reasonable cost for travel 
and room. Our rates are typically $66 to 

$80 single and $80 to $98 double. Please 
await instructions before buying travel 
tickets. 


"and those little eciras...."* 


LOWEST AIRFARES: Please call toll- 
free 1-800-548-8185 and identify yourself 
with this Osler course. 


* remarkably complete and pleasant"* 


PLACEMENT SERVICE: For practice 
opportunities write or call 1-800-356-7537. 


* the most education for the money."* 

FEES AND C.M.E. CREDITS: 

e Physician or Resident: Phy. Res. Hrs. 
e Six day course: $690 $460 60 
eExtra mock orals day. $50 $50 4 


| @Repeating course within 2yrs: half price 


e Add 10% within 10 days of the course. 

è Attendees not in course hotel add $1 1/day. 

e Fees do not include lodging or meals. 

e A deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of the registration fee is received. 


" home study material was extremely helpful."* 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 
eCancellation after mailing home study 
material requires retention of half the fee. 


"I feel [the course] helped me pass ...."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 : 
(800) 356-7537 or (812) 299-5658 andes 


* Comments by p st Osler paricipanis i: 








Ail classified advertising orders, correspondence and payments should be directed to: Archives of Ophthaimadiogy, 


Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 815-42 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes seed 


inquiries about “BOX NUMBER" advertisements: All replies must be in writin 


Box 


, C/o AOP, P.O. Box 1510, Ciearwater, Florida 34617. We are not 


mail sent in care of Archives of Ophthalmology. 


CLASSIFIED 
INFORMATION 









Regular Classified 1 Time 3 Times 
| or more” 
. Cest per word $ .95 $ .85 
| Minimum 20 words: per issue 


5 i SInorder to earn the three-time rate, your ad must be placed 
ane prepaid at the-same erma for three or more issues. 


-Classified Display 





1 Time 3 Times 

: Full page $630 $580 
| Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 
Celumn inch 55 50 


| Minimum display ad: one column inch 
 T2-time rate available on request. 





| Box Service 


| Available for ailads. The cost is $10.00 for the 

| first issue only. Responses to your ad will be 

consolidated in cur office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the seeond month prior to issue 
| date. Example: The November issue closes 
| September 25th. No ads can be cancelled 

after the closing date. 


Send all copy. coarespondence, production 
l materialsand payments to: 


acchives of 


Caassifad Department 
FO. Box 1540, Clearwater, Florida 34617 
For assistance with your ad schedule cali toll free: 
National 800-237-9851 
Flerida 800-253-8288 0 Local 813-443-7666 
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OPHTHALMOLOGY Busy, well-established, two- 
person practiceneeds general ophthalmologist with 
|. retinal interest Well staffed, state-of-the-art equip- 










mentin new eye cluic near hospital. Technician 
oiT Work up, refraction and contact lenses. Located in 
| beautiful Puget: Sound with scenic living areas, 
good schools, and unlimited outdoor recreation. 
Lecated one hcur from Seattle. Senior partner inter- 
ested in more ume off for missionary work. Please 
: ct. KnutesGuidiord, MD, 2655 Wheaton Way, 
ton, WA 98319. (206) 377-3703. 












SOUTHERN CALIFORNIA — Ophthalmologists. 
CIGNA Heailthplans invites you to join our innova- 
tive and dynamic managed health care team. Our 
muilti-disciplinary HMO practice provides a suppor- 
tive and collegial work environment at 31 locations. 
You will enjoy a wealth of cultural and recreational! 
activities, access to major academic centers and 
an excellent compensation package. Call collect: 
(818) 500-6570. Or send CV to: Robert Harrington, 
MD, Professional Recruitment, CIGNA Healthplans 
of California, 505 North Brand Boulevard, Suite 
400-33, Glendale, CA 91203. 


GLAUCOMA SPECIALIST 


Ochsner Clinic seeks excellent subspecialty- 
trained ophthalmologist to assume an 
established glaucoma practice with affil- 
iated residency program. Starting salary 
commensurate with experience. Productiv- 
ity bonus, generous fringe benefits. Send 
CV to: Richard Hesse, MD, Chairman 
Department of Ophthalmology 


Ochsner Clinic 
1514 Jefferson Highway 
New Orleans, LA 70121, 


WISCONSIN — The Ashland Eye Clinic, S.C. a 
prosperous, long established practice located in 
Ashland, Wisconsin on Lake Superior, needs one 
BC/BE ophthalmologist now and another within 2-3 
years. Competitive salary plus incentive first year, 
then negotiable buy-in as present two partners wish 
to retire within five years. Clinic building is attrac- 
tive, modern, spacious and fully equipped, with new 



















overhead. Four-year college and vocational college 
in Ashland, with graduate programs within commut- 
ing distance. Modern, 100-bed hospital with 37 ohy- 
sicians on staff. Great fishing, sailing, skiing, ski- 
flying and hunting. Please call: Kenneth A. Morrow, 
MD (715) 682-8146; or John W. Doty, MD (715) 
682-9298, collect, evenings. Or write, enclosing CV: 
P.O. Box 233, Ashland, WI 54806. 


CLEMSON — Very busy general surgical/medical 
ophthalmology practice needs associate. Great 
financial opportunity in a beautiful university town 
in the foothills of the Great Smoky Mountains. Must 
be personable, caring and of the highest integrity. 
Send CV to: Clemson Ophthalmology, P.A., P.O. 
Box 1666, Clemson, SC 29633. 


OPHTHALMOLOGISTS — Join the fight against 
worldwide blindness. Christian Blind Mission inter- 
national, established in 1908, is dedicated to helping 
blind and handicapped people in developing coun- 
tries, througn medical, educational and rehabilita- 
tion services. Long-term positions available to train 
national physicians in ophthalmology and develop 
eye care programs. For information contact: Over- 
seas Personnel Department, CBM International, 
P.O. Box 175, Wheaton, IL 60189. (708) 690-0300. 


VITREORETINAL SURGEON needed to join busy 
medical and surgical retina practice. Group has in- 
office dye laser, B-Scan, digital fluorescein angio- 
graphy system, and YAG laser. Located in the heart 
of the Ozarks, drawing area is over 400,000. Vitreo- 
retinal fellowship required. Competitive salary and 
benefits package, with early partnership. Send CV 
to: Gary L. Mehlhorn, MD, 1965 South Fremont, 
Suite 2000, Springfield, MO 65804: or call: (417) 
887-1965, for more information. 














PLEASE NOTE—Address replies to box number 
ads as follows: Box number, _ , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 














MONTANA: Join existing practice expanding | | 
three ophthalmologists. Excellent facilities. Four- |- 
season mountains, lakes ane plains recreation. Do | 
comprehensive ophthaimolagy with subspecialty | 
emphasis. Send CV to: Chaifes Morledge, MD, 34 | 
Heatherwood Lane, Billings, MT 59102. 


GEORGIA PRACTICE seeds retinal specialist for |. 
growing practice. Start: at $480K plus incentives. 
State of the art equipment Good referral base. 
Three hours from beaches, good hunting and fish- | 
wt Slow pace life style. Reply to: Box #611, c/o | 
AOP. a 


NORTHERN VIRGINIA: — General ophthaimoto- 
gist, located 20 minutes fram downtown DC 
near a Metro Station, desires a buy/sell agree 
for a well-established peactive of 24 years in same 
location. Ideal for a beginning or relocating oph 
thaimologist. Send resume te: P.O. Box 3711, Mer 

field, VA 22081. a 


MAINE — Exceptionai opgortunity for BC/BE. 
ophthalmologist to join established ophthaimology | 
practice in beautiful northern New England. Referral 
base 400,000 with 120,090 irdrmmediate area. Wide 
ranging cultural, academic amd recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services: Association with opportu- 
nity for partnership. Send CY to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 


CENTRAL FLORIDA — Giaucoma oculopiastic | 
and retina surgeons anc: medical ophthalmologists. 
Group with subspecialties ir-cataract, vitreous ret- 

ina, neuro-ophthaimolegy and refractive surgery | 
seeks energetic, personable, board-certified/ | 
-eligible, feilowship-trainec ophthalmologists to 
join progressive, dynamsic practice. A large patient 
base and extensive refsrralynetwork ensure a ful 
surgery schedule ani interesting pathol 
Generous compensation and potential e 
ownership. Year-round recreation in a rsi 
town. For more information, zontact: Eilee 
Administrator, (904) 734-4431, Neumann 






































OPHTHALMCLOGY 
PEDIATRICS/ RETINAL. SPECIAL 

Board-eligible/-certified sediatic and retinala 
mologists to join our five-ahy 
practice. Our group preetic 
northwest of Philadelphia, | 
medical community and tamil 
well-equipped office witficer: 
Position offers excellere- sal 
with opportunity for pavine 

































ivania, Excellent — 
onment. Modern, — 
‘ancillary staff. The 
and fringe benefits 






206 South Sixth Avenue, West Reading, PA 19611 
Or telephone: (218) 378-1348 












PRACTICE OPPORTUNITY: Ophthalmology — The 
Eye Care Center in Longmont, Colorado is looking | 
for a full-time general ephthaimologist preferably 
with interest in cornea, externaldisease and oculo-. 
piastics, to add to a wel»estedlished g 
tice. The Eye Care Center isa 
practice with retinal ard general ophthair 
coverage throughout allof nerthiern Colorad 
practice was started in ‘969and has co 
grow with the community. Longm 
tion of approximately 5@:000with.a d 
another 250,000 and isadoceed 35 
Denver in the foothills of the 3 






































tion, please contact our office at r Street, 
Longmont, CO 80501. Cr cat: (303) 772-3300. 
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CLINICAL TRIAL: 


Patients with persistent 
non-healing corneal 


-epithelial defects are being 


ecruited for participation 


<in a multi-center, double- 


masked clinical trial. 


You may refer seriously 

affected patients to study 

sites located throughout 
the U.S. For additional 
information on study 
requirements and the 

participating clinical sites, 

please call: 


1-800-553-3354 


CLINICAL PROGRAMS 
DEPARTMENT 


GLAUCOMA 
SPECIALIST 


Marshfield Clinic is seeking a fel- 
low trained glaucoma specialist 
to join its nine member ophthal- 
mology department. Existing 
staff includes specialists in ret- 
ina, cornea, neuro-ophthaimol- 
ogy, and general ophthalmology. 
Marshfield Clinic is one of the na- 
tion's largest multispecialty group 
practices, with more than 300 
physicians serving Central and 
Northern Wisconsin. More than 
55 specialties and subspecialties 
provide for a wide referral base. If 
interested, please call: 


Collect (715) 387-5236 
and ask for 
Gary Pesicka, M.D. 


| Marshfield Cinic 





RETINAL SPECIALIST — Medicai/surgical needed 


| for large, well established practice. Ideal situation — 


for surgeon with several years experience. Lovely 


community, conveniently located 1% hours from 


Philadelphia and New York City. Please send CV to: 
MD, Box 4172, Allentown, PA 18105, 


CHIEF OF OPHTHALMOLOGY: The Santa Clara 
Valley Medica! Center, San Jose, California is seek- 
ing a BC/BE ophthalmologist to head its ephthal- 
mology division. As a major teaching affiliate for 
Stanford University residents, it is expected that 
candidates will have serious interest and commit- 
ment to teaching and clinical investigation as well as 
Clinical and organizational skilis to provide care toa 
large and diverse inpatient and outpatient popula- 
tion. SCVMC is an equal opportunity employer. 
Address your CV to: M. Allo, Chairperson, Depart- 
ment of Surgery, 751 South Bascom Avenue. San 
Jose, CA 95128. 


FELLOWSHIP in pediatric ophthalmology and stra- 
bismus — The Department of Pediatric Ophthal- 
mology at Sainte-Justine Hospital, Universite de 
Montreal, offers a one year fellowship in pediatric 
ophthalmelogy and strabismus. Knowledge of 
French is required. The fellowship offers active 
involvement in a densely populated outpatient clinic 
as well as inpatient consultation in a six-hundred 
bed pediatric university hospital. Surgical training ts 
included in the fellowship. For further information, 
please write to: Dr. Magda Barsoum-Homsy, Direc- 
tor, Department of Ophthalmology, Sainte-Justine 
Hospital, 3175 Cote Sainte-Catherine, Montreal 
(Quebec) H3T 1C5. 
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ship — The Cornea and External Disease Service of 
the UIC Eye Center (University of Hlinois Eye and 
Ear Infirmary) is offering a 1-2 year fellowship avail- 
able July 1990. This funded position will provide an 
intensive clinical and research experience and is 
geared towards individuais interested in a career in 
academic ophthalmology. The service sees a wide 
array of referral patients in several hospitals. Surgi- 
cal experience will include PKP, LKP, phaco, IOL 
exchange, radial and astigmatic keratotomy, epi- 
keratoplasty, excimer photorefractive keratectomy, 
and computerized corneal topographic analysis. 
Involvement in existing/new basic and clinical 
research activities is strongly encouraged. Inter- 
ested applicants should contact: Jeffrey B. Robin, 
MD, 1855 West Taylor Street, Chicago, IL 60612. Or 
cail: (312) 996-8371. UIC is an AA/EOE. 


row your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444. 
(708) 675-2300. Established 1953. 


in suburban community near Los Angeles. Gross 
$120,000 yearly. Affordable start-up with tremen- 
dous potential. Reply to: Box #612, c/o AOP. 
ANTED — OPHTHALMOLOGIST wishing to 
relocate to West Paim Beach, Florida. Successfut 
ophthalmology practice for sale. Please contact. 
Susan Tancer, Realtor, at (407) 655-7885. 
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PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professional 


field, VA 22150. (703) 866-5908 or (800) 331-1986. 






SOUTHERN CALIFORNIA: Solo part-time practice 


help in buying or selling. National Medical Alliance, | 
Inc., 8136 Oid Keene Mill Road, Suite 208B, Spring- | 


| Neuro-Ophthalmologist : 


Marshfield Clinic is seeking a gen- 
eral ophthalmologist with fellow- 
ship training in neuro-ophthalmol- 
ogy to join its nine member oph- 
thaimology department. Existing 
staff includes one busy neuro-oph- 
thalmologist and specialists In ret- 
ina, cornea, glaucoma, and gen- 
eral ophthalmology. Marshfield 
Clinic is one of the nation’s largest 
multispeciaity group practices, 
with more than 300 physicians 
serving Central and Northern 
Wisconsin, more than 55 subspe- 
cialties, and an established re- 
search foundation. Ample opportu- 
nity and support exists for clinical 
research, if interested, please call: 


Collect at (715) 389-3225 


and ask for 
Dan Jacobson, M.D. 


(Marshfield Cinic 





Life. 


It’s our life’s work. 


If your mission in life is to prac- 
tice the ideals of medicine with- 
out administrative demands, we 
invite your inquiry. 


Group Health Plan in St. Louis is a 
staff model HMO that promotes 
the ideals of private practice 
while freeing doctors from the 
financial baggage of the private 
practitioner. 


Group Health Plan isn’t for every 
physician. Just for those few who 
want to practice medicine without 
compromise. 


For an interview please talk with 
the Medical Recruiter at (314) 
993-5955. Or write Group Health 
Plan, 11475 Olde Cabin Road, St. 
Louis, Mo. 63141. An equal oppor- 
tunity employer. 






































POSTDOCTORAL 
FELLOWSHIPS 


Preresidescy, postresidency and PhD 
pastdoctorai fellowships in the following 
vision research disciplines are offered at 
the Massacnusetts Eye and Ear Infir- 
mary, Harvard Medical School, Boston. 


* GLAUCOMA 
¢ IMMUNOLOGY 
THOLOGY 








i 


* RETINAL DEGENERATIONS 
* RETINA 
~. .. $ MCLECULAR BIOLOGY 
Coi e EPIDEMIOLOGY 

The Massachusetts Eye and Ear In- 
Hurmaryis aregual opportunity employer 
and is specifically pursuing an affirma- 
| five action alan to recruit women and 
| other minodties into this postdoctoral 
| fellowship program in vision research. 
interested parties should contact: 
Dr. C. Stephen Foster, MD, Director 
Postcoctoral Fellowship Training Grant 
Department of Ophthalmology 

MASSACHUSETTS 

EYE AND EAR INFIRMARY 
243 Charles Street, Boston, MA 02114 





GLAUCOMA 


Full-time position in University 
| Departmert of Ophthalmology for 
ophthaimciegist with sub-specialty 
training in glaucoma. Academic rank 
commensurate with credentials. 
| Must have-compieted an approved 
| eyeresidercy program, appropriate 
| fellowship training and be board- 


certified or -eligible. 





‘Duties inciude teaching residents 
nedical students, patient care 


JAMES P. McCULLEY, MD 
PROFESSOR AND CHAIRMAN 
DEPARTMENT OF 
OPHTHALMOLOGY 


UNIVERSITY OF TEXAS 
- SOUTHWESTERN 
_ MEDICAL CENTER 
5323 HARRY HINES BOULEVARD 
~~ DALBAS, TX 75235-9057 
: (214) 688-3407 





al Opportunity Employer 





















GLAUCOMA 


Full-time position for a glaucoma 
Specialist, including patient care, 
Surgery, research, and teaching 
assignments. 








Candidates must have a medical 
degree with specialty in ophthal- 
mology and board-certified or 
-eligible, at least one year of sub- 
Specialty training in glaucoma. The 
individual will be expected to partic- 
ipate in NIH and pharmaceutical 
company supported clinical trials. 











Marshfield Clinicis seekinga fellowsh: 3 
trained Pediatric Cphthaimologist t 
join its 9 member Ophthalmology De 
partment. Existing staff includes spe 
cialists in retina, sormea, glaucom 
neuroophthalmologyw and general o 
thalmology. The Cunic is one of the 
nation’s largest multispecialty clinics 
with over 300 physicians serving Central 
and Northern Wiscensin. Outstanding 
Department of Pediatric subspecialists 
to support your practice as well. If inter- 
ested please contaci: : 
James Holzberger, M.D., ae to 
Department of Ophthalmology o 
387-5236 F 































Salary and rank commensurate with 
training and experience. Starting 
date will be July 1, 1990. Please for- 
ward letters of application and 
resume to: 
















Jacob T. Wilensky, MD By calling collect at 7 15. 
Acting Head 


Department of Ophthalmology 
UIC EYE CENTER (m/c 648) 
1855 West Taylor 

Chicago, IL 60612 


In order to receive full considera- 
tion, applicants should apply by 
May 1, 1990. The UIC is an AA/EOE. 

















We Target The Physician. 
You Want! 


The Archives of Ophthalmology’s classified recruitment section will deliver: 
your message to exactly your target audience — all ophthalmologists. A total 
specialized physician audience of over 20,000. | 


Send us your advertising order today. Just complete the cwupen be 
attach your typewritten copy. The next available issue is May whic 
March 23rd. For complete advertising rate information, please ses the 
of this section. 


— — — — — — — — — — ORDER FORM ———-—— Pane 


insert my ad 





times, beginning with the 


Sale ited tiation ee Riad baa ne A donee 


Place my ad under the heading 


ws 





Enclosed is my check for$ _—_—— — 
of my advertising schedule. 


Institution att nna inlet 
Contact Person 
Address 
City 
Telephone Number 


Mennene nann naan A: 





Temenana ae aa a i a a 








Neema aniem narmina naamin ar 


Authorized Signature __ 


oneness enactment ttre tnt erento innate tinnitus, 







Classified Department Ne : 


P.O. Box 1510, Clearwater, Florida 34617 “2224 
National (800) 237-9851 0 Florida (800) 553-8288 © Local (8 13} 443-7666 


459 














aint 





Betagan*(ievobunolol HCI) 
Liquifilm® sterile ophthalmic solution 


Brief Summary of Prescribing Information 


INDICATIONS AND USAGE: BETAGAN 0.25% and 0.5% have been 
shown tò be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those indi- 


_- viduals with bronchial asthma or with a history of bronchial asthma, 
-vör severe chronic obstructive pulmonary disease (see WARNINGS), sinus 
bradycardia; second and third degree atrioventricular block; overt car- 
~ diac failure (see WARNINGS), cardiogenic shock; or hypersensitivity 

to any component of this product. WARNINGS: As with other topical- 


ly applied ophthalmic drugs, BETAGAN may be absorbed systemically. 
The same adverse reactions found with systemic administration of beta- 
adrenergic blocking agents may occur with topical administration. For 
example, severe respiratory reactions and cardiac reactions, including 
death due to bronchospasm in patients with asthma, and rarely death 
in association with cardiac failure, have been reported with topical appli- 
cation of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
Cardiac Failure: Sympathetic stimulation may be essential for support 
of the circulation in individuals with diminished myocardial contrac- 
tility, and its inhibition by beta-adrenergic receptor blockade may 
precipitate more severe failure. Jn Patients Without a History of Cardiac 
Failure: Continued depression of the myocardium with beta-blocking 
agents over a period of time can, in some cases, lead to cardiac failure. 
At the first sign or symptom of cardiac failure, BETAGAN should be 
discontinued. Non-allergic Bronchospasm: \n patients with non-allergic 
bronchospasm or with a history of non-allergic bronchospasm (€.g., 
chronic bronchitis, emphysema), BETAGAN should be administered wi th 
caution since it may block bronchodilation produced by endogenous 
and exogenous catecholamine stimulation of beta, receptors. Major 
Surgery: The necessity or desirability of withdrawal of beta-adrenergic 
blocking agents prior to major surgery is controversial. Beta-adrenergic 
receptor blockade impairs the ability of the heart to respond to beta- 
adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted 
severe hypotension during anesthesia. For these reasons, in patients 
undergoing elective surgery, gradual withdrawal of beta-adrenergic 
receptor blocking agents may be appropriate. Ifnecessary during surgery, 
the effects of beta-adrenergic blocking agents may be reversed by suffi- 


- cient doses of such agonists as isoproterenol, dopamine, dobutamine 
© orlevarterenol (see OVERDOSAGE). Diabetes Mellitus: Beta-adrenergic 
* blocking agents should be administered with caution in patients sub- 


ject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic 
agents. Beta-adrenergic receptor blocking agents may mask the signs 
and symptoms of acute hypoglycemia. Thyrotoxicosis: Beta-adrenergic 
blocking agents may mask certain clinical signs (e.g., tachycardia) of 


+ hyperthyroidism. Patients suspected of developing thyrotoxicosis should 
be managed carefully to avoid abrupt withdrawal of beta-adrenergic 


blocking agents which might precipitate a thyroid storm. Contains 
sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 


_ of sulfite sensitivity in the general population is unknown and probably 
- low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 


asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolo! 


HCI) Liquifilm® sterile ophthalmic solution should be used with caution 


in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the im- 
mediate objective of treatment is to reopen the angle. This requires con- 
stricting the pupil with a miotic. BETAGAN has little or no effect on the 
pupil. When BETAGAN is used to reduce elevated intraocular pressure 
in angle-closure glaucoma, it should be used with a miotic and not alone. 
Muscle Weakness: Beta-adrenergic blockade has been reported to poten- 
tiate muscle weakness consistent with certain myasthenic symptoms 


- (eg., diplopia, ptosis and generalized weakness). Drug Interactions: 


BETAGAN should be used with caution in patients who are receiving 
a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from con- 
comitant therapy with BETAGAN and epinephrine may occur. Close 
observation of the patient is recommended when a beta-blocker is 
administered to patients receiving catecholamine-depleting drugs such 
as reserpine, because of possible additive effects and the production 
of hypotension and/or marked bradycardia, which may produce vertigo, 
syncope, or postural hypotension. Animal Studies: No adverse ocular 
effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: 
In a lifetime oral study in mice, there were statistically significant (p = 





0.05) increases in the incidence of benign leionryomas in female mice ~ 
at 200 mg/kg/day (14,000 times the recommended human dose for 
glaucoma), but not at 12 or 50. mg/kg/day (850 and 3,500 times the human 
dose). In a two-year oral study of levobunolol HCI in rats, there was _ 
a statistically significant {p < 0.05) increase in the incidence of benign — 
hepatomas in male rats administered 12,800 times the recommended » 
human dose for glaucoma. Similar differences were not observed in rats 
administered oral doses equivalent to 350 times to 2,000 times the recom- 
mended human dose for glaucoma. Levobunolol did not show evidence 
of mutagenic activity in a battery of microbiological and mammalian 
in vitro and in vivo assays. Reproduction and fertility studies in rats 
showed no adverse effect on male or female fertility at doses up to 1,800 
times the recommended human dose for glaucoma. Pregnancy Category 
C: Fetotoxicity (as evidenced by a greater number of resorption sites) 
has been observed in rabbits when doses of levobunolol HCI equivalent 
to 200 and 700 times the recommended dose for the treatment of 
glaucoma were given. No fetotoxic effects have been observed in similar 
studies with rats at up to 1,800 times the human dose for glaucoma. 
Teratogenic studies with levobunolol in rats at doses up to 25 mg/kg/day 
(1,800 times the recommended human dose for glaucoma) showed no 
evidence of fetal malformations. There were no adverse effects on 
postnatal development of offspring. It appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no 
adequate and well-controlled studies in pregnant women. BETAGAN 
should be used during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. Nursing Motbers: It is not known whether 
this drug is excreted in human milk. Systemic beta-blockers and topical 
timolol maleate are known to be excreted in human milk. Caution should 
be exercised when BETAGAN is administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been 
established. ADVERSE REACTIONS: In clinical trials the use of BETAGAN 
has been associated with transient ocular burning and stinging in about 
one in four patients, and with blepharoconjunctivitis in about one in 
20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). 
The following adverse effects have been reported rarely with the use 
of BETAGAN: Iridocyclitis, headache, transient ataxia, dizziness, lethargy, 
urticaria and pruritus. Decreased corneal sensitivity has been noted in 
a small number of patients. Although levobunolol has minimal 
membrane-stabilizing activity, there remains a possibility of decreased 
corneal sensitivity after prolonged use. The following additional adverse 
reactions have been reported with ophthalmic use of beta, and beta, 
(non-selective) adrenergic receptor blocking agents: BODY AS A 
WHOLE; Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 
SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 
Masked symptoms of hypoglycemia in insulin-dependent diabetics (sce 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due 
to withdrawal of miotic therapy in some cases), diplopia, ptosis. Other 
reactions associated with the oral use of non-selective adrenergic recep- 
tor blocking agents should be considered potential effects with 
ophthalmic use of these agents. OVERDOSAGE: No data are available 
regarding overdosage in humans. Should accidental ocular overdosage 
occur, flush eye(s} with water or normal saline. If accidentally ingested, 
efforts to decrease further absorption may be appropriate (gastric lavage) 
The most common signs and symptoms to be expected with overdosage 
with administration of a systemic beta-adrenergic blocking agent are 
symptomatic brodycardia, hypotension, bronchospasm, and acute 
cardiac failure. Should these symptoms occur, discontinue BETAGAN 
therapy and initiate appropriate supportive therapy. The following sup- 
portive measures should be considered, 1) Symptomatic bradycardia: 
Use atropine sulfate intravenously in a dosage of 0.25 mg to 2 mg to 
induce vagal blockage. If bradycardia persists. Intravenous isoproterenol 
hydrochloride should be administered cautiously. In refractory cases 
the use of a transvenous cardiac pacemaker should be considered. 
2) Hypotension: Use sympathomimetic pressor drug therapy, such as 
dopamine, dobutamine or levarternol. In refractory cases the use of 
glucagon hydrochloride may be useful. 3) Bronchospasm: Use isopro- 
terenol hydrochloride. Additional therapy with aminophylline may be 
considered. 4) Acute cardiac failure: Conventional therapy with digitalis, 
diuretics and oxygen should be instituted immediately. In refractory 
cases the use of intravenous aminophylline is suggested. This may be 
followed, if necessary, by glucagon hydrochloride which may be useful. 
5) Heart block (second or third degree): Use isoproterenol hydrochloride 
or a transvenous cardiac pacemaker. 


© ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 
©1989 Allergan, Inc 





If These Hands Could 
Create A Viscoelastic, 
This Would Be The One. 


Amwvisc Ph 
from IOLAB. 














\ 
If you could design a \ Pat Each cannula is packaged with a two-piece protective cover, protecting the 
viscoelastic to meet he VAY. cannula during shipping and on the syringe when not in use. 
your true needs, ` GSN Ai Consistent viscosity designed for optimal protection, space 
> 4 



























Amvisc Plus would be the es go i ca N maintenance and post-operative removal. 

one. Why? Because we’ve yt A uniquely cost-efficient 0.25 ml size option when 
incorporated a number you want only a small amount of viscoelastic. 

of safety, performance and And a greater per milliliter value’ than some com- 
efficiency features into our new petitive products, no matter which of - 

high viscosity, high molecular our 0.8 ml, 0.5 ml and 0.25 ml sizes 
weight viscoelastic which others you choose. 

overlook. Call (800) 423-1871, 

Like a simplified, ready- (800) 352-1891 (CA) for more 
to-use luer-lock syringe which saves information about new high # Be 
you the time and viscoelastic material that viscosity, high molecular =~ 
can be wasied during the assembly process. weight Amvisc Plus. You'll find that our attention 

A sterile, single-use cannula to detail sets our viscoelastic apart from — and 
specially designed with the elbow, or bend, above — all others. 

a full 8 mm from the distal end — to siggy 
facilitate optimal placement of INTRAOCULAR 





Amvisc Plus at the 6 o’clock a fohneonafhron company 
position of the anterior 500 Iolab Drive 
chamber. Claremont, CA 91711 

(714) 624-2020 

‘Data on file with 

IOLAB Corporation. 


Amvisc™is a registered trademark of MedChem Products, Ine 
See package insert for full prescribing information 
Caution: Federal law restricts this device 

to sale by or on the order of a physician. 


© ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc. 
Irvine, CA 92713 
© 1989 Allergan, Inc. 





Ina world of- hype and exaggeration, 
new Betagan® 0.25% is that rare exception. 
It is not bigger or faster and it wont give 
you more. 

What new Betagan 0.25% gives you, 
in fact, is less. But, that’s what makes it an 
excellent addition to 


diagnosed open-angle glaucoma or ocular 
hypertension patients with Betagan 0.25%. 
Its the one with the levobunolol concentra- 
tion on the bottom and the commitment to 
your patients on top. 


Betagan’ 0.25% 








BLD. ig l 
your practice. See. 
Because Betagan : 7 O (levobunolol HCl) 
0.25% is safe and effec- Liquifilm® sterile ophthalmic solution | 
tive and gives you, for with C Cap™ Compliance Cap BID. | 
the first ume, the option of beginning As with other topically applied ophthalmic drugs, Betagan may ~ 
your PATRE se © Orlov BETINE ni aa P A e oo acetal 
So consider starting your newly @ may occur with topical administration." š 


ae 
E, 


' Boi agan? 
 (levobunolol 
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à nig See adjacent page for Š 
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New NSAID from Alcon 
Surgical: PROFENAL® ~: 
(suprofen) 1% Sterile 
Ophthalmic Solution — 
right on target in helping 
sustain pupillary dilation 
during cataract surgery. 


As challenging as cataract surgery 
can sometimes be, why risk less than 
satisfactory intraoperative mydriasis? 
Let the pupillary stabilizing effect of 
PROFENAL assist you in reducing the 
incidence of creeping miosis in your 
surgery. PROFENAL solution is a sure 
way to better your chances for being 
on target with a large pupillary bull's 
eye case after case. 


What it is. 


PROFENAL sterile ophthalmic 
solution from Alcon Surgical is a new 
nonsteroidal anti-inflammatory drug 
(NSAID), suprofen 1%, for short-term 
ophthalmic use. In double-masked, 
multicenter clinical studies involving 
over 400 cataract extractions, 
PROFENAL solution proved to be 
significantly more effective than 
placebo in inhibiting intraoperative 
miosis. Thus, it is an excellent 
adjunct for surgeons who desire to 
minimize the dangers and frustrations 
of pupillary constriction during 
cataract surgery. 


How it works. 


Prostaglandins, which are released 
during intraocular surgery, are 
believed to exert powerful 
constricting action on the iris 
sphincter causing progressive miosis. 
PROFENAL solution is thought to 
maintain intraoperative mydriasis 

by inhibiting the amount of 
prostaglandins liberated into the 
aqueous humor. 


How it benefits you. 


When used adjunctively with cataract 
Surgery-related mydriatic and/or 
cycloplegic regimens, topically 
applied PROFENAL ophthalmic 
solution: 


Pupil treated with 
PROFENAL solution 
maintains a wider 
aperture, facilitates 
removal of lens 
material and eases 
IOL insertion. 













æ Helps to sustain | 
larger intraoperati' 

pupil throughout 

the case. 

m Facilitates removal of 

crystalline lens nucleus 

and cortica! material. 

m Enhances implantation, position 

and/or dialing of posterior chamber 

IOLs. 


NSAID cautions, 
contraindications 


The potential exists for cross 
sensitivity to an acetylsalicylic acid 
and other nonsteroidal anti-inflam- 
matory drugs. Therefore, caution 
should be used when treating 
individuals who have previously 
exhibited sensitivities to these drug 


With nonsteroidal anti-inflammatory 
drugs, the potential exists for 
increased bleeding time due to 
interference with thrombocyte 
aggregation. There have been 
reports that ocularly applied 
nonsteroidal anti-inflammatory druc 
may cause increased bleeding 
tendency of ocular tissues in 
conjunction with ocular surgery. 


Clinical studies with acetylcholine 
chloride revealed no interference al 
there is no pharmacological basis fi 


9 larger target! 


uch an interaction. 

iowever, with other 

opical nonsteroidal anti- 
flammatory products, there 

ave been reports that 

acetylcholine chloride and carbachol 
yave been ineffective when used in 
datients treated with these agents. 


2ROFENAL solution is 
sontraindicated in epithelial herpes 
simplex keratitis {dendritic keratitis) 
and in individuals hypersensitive to 
diy component ef the medication. 


As with all other NSAIDs, PROFENAL 
solution should be used with caution 
n patients with bleeding tendencies 
and those taking anticoagulants. 


Large center target advantage 


PROFENAL ophthalmic solution 
allows you to consistently center 
target your surgery through a large 
pupillary opening. This is an 
advantage that provides both 
working ease and peace of mind. 
Doesn't it make good sense to add 
the target-hitting advantages of 
RROFENAL solution to your surgery? 


For a free trial sample of 
PROFENAL solution, see your 
Alcon Surgical representative, 
call us, or send in the coupon. 
VISIT OUR BOOTH (#918) AT THE A.A.O. 








PROFENAL solution is 
available in a 2.5 mL 
size. It comes packaged 
in a convenient 

plastic DROP-TAINER* 


Alcon ==. 
SURGICAL 


Alcon Surgical, Inc. 
6201 South Freeway 
Fort Worth, TX 76134-2099 
817/293-0450 

ORDER LINE: $ 
1-800-TO-ALCON ane 
(1-800-862-5266) aa Z 





See adjacent page for product disclosure information 
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Alcon Surgical 6201 S. Freeway Fort Worth, TX 76134-2999 Attn: Jack Marshall T4 


Yes, I'd like to be right on target with PROFENAL® 


—— Please have an Alcon Surgical representative contact me for 
product trial. 


— Please send additional information. 
Name 


Address 
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Profenal® 1% 


(Suprofen) 
Sterile Ophthalmic Solution 


DESCRIPTION: PROFENAL® (suproten) 1% ophthalmic solution is a topical non 
Sterodal antuintlammatory product tor ophthalmic use. Suproten chemically is 
a methyl 4-{2-thenylearbonyl) benzeneacene acid. with an empincal formula of 
CygHy 9045) and a molecular weight of 260.3 The cheneal structure of suprofen rs 


UNO Son 


PROFENAL Stenle Ophthalmic Solution contains suprofen 10%» (10 mam). thi 
merosal 0 005% (0.05 mq mL). caffeme 2"0 (20 mg mL). edetate disodium, dibasie 
sodium phosphate, monobasic sodium phosphate, sodium chlonde, sodium 
hydroxide andor hydrochlone acd (to adjust pH to 7 4) and punbed water DM- 
CLINICAL PHARMACOLOGY: Suproten is one of a senes of phenylalkanome acds 
that have shown analgesic. antipyretic. and antantiammatory activity in animal 
inflammatory diseases. Its mechanism of action s believed to be through mhubs 
tion of the cyclo- oxygenase enzyme that ts essential in the biosynthesis ot 
prostaglandins 
Prostaglandins have been shown in many animal models to be mediators of cer 
tain kinds of intraocular inflammation. In studies performed on animal eyes, pros 
taglandins have been shown to produce disruption ot the blood-aqueous humor 
barner, vasodilatation. increased vascular permeability, leukocytosis. and 
increased intraocular pressure Prostaglandins appear to play a role in the mot 
response produced during ocular surgery by constricting the is sphincter inde 
pendently of cholinergic mechanisms. In clinical studies, PROFENAL has been 
shown to inhibit the miosis induced during the course of cataract surgery. PRO 
FENAL could possibly intertere with the mine eftect of intraoperatively admins 
tered acetylcholine cnlonde 
Results trom clinical studies indicate that PROFENAL Ophthalmic Solution has no 
stanificant effect on intraocular pressure 
There are no data available on the systemic absorption of oculatly applied supro 
ten. The oral dose of suprofen is 200 mq every tour to six hours If PROFENAL 1% 
Ophthalmic Solution ts appled as two drops (1 mq suproten) toone eye five times 
on the day pror to surgery and three times on the day of surgery. the total apphed 
dose over the two days would be about 25 times less than a single 200 ma 
oral dose 
INDICATIONS AND USAGE: PROFENAL Ophthalmic Solunon is indicated for mtn 
bnon of intraoperative miosis 
CONTRAINDICATIONS: PROFENAL ts contraindicated in epithelial herpes sim 
plex keratitis (dendonic keratitis) and in individuals hypersensitive ta any Compa 
nent of the medication 
WARNINGS: The potential exists for cross sensitivity to acetyisalieylic acid and 
other nonsteroidal anteinflammatory drugs. Theretore, caunon should be used 
when treating individuals who have previously exhibited sensitivities to these 
drugs 
With nonsteroidal antantlammatory drugs, the potential @xests for increased 
bleeding tme due to interference with thrombocyte agareqanon There have bees 
reports that ocularly appled nonsteroidal anteintlammatory drugs may cause 
increased bleeding tendency of ocular tissues in Conjunehon with ocular surgery 
PRECAUTIONS: 
General. Use of oral suproten has been associated with a syndrome of acute tank 
pain and generally reversible renal insufticency, which may present as acute urn 
acid nephropathy This syndrome occurs in approximately 1 mm 3500 patients and 
has been reported with as few as one to two doses of a 200 ma capsule It PRO 
FENAL 1% Ophthalmic Solution is apphed as two drops (1 mq suproten) to one eye 
five times on the day pror to surgery and three times on the day of surgery. the 
total apphed dose over the two days would be about 25 times less than a single 
200 mg oral dose 
Ocular. Patients with tustones of herpes simplex keratitis should be monitored 
closeiy PROFENAL is contramdicated in patents with active herpes simplex 
keratitis 
The possibility of increased ocular bleeding during surgery associated with 
nonsteroidal anteintlammatory drugs should be Considered 
Carcinogenesis, Mutagenesis, Impairment of Fertility. In an 18-month study i 
mice, an increased incidence of benign hepatomas occurred in temales at a dose 
ot 40 ma/kq/day Male mice, treated at doses of 2, 5. 10 and 40 mg/ka/day, also 
had an increased incidence of hepatomas when compared to control animals No 
evidence of carcinogenicity was found in long-term studies im doses as high as 40 
mg/kg/day in the rat and mouse Based on a battery ot mutagenicity tests (Ames 
micronucleus, and dominant lethal), suprofen does not appear to have mutagen 
potential Reproductive studies in rats at a dose of up to 40 maq/kq/ day revealed no 
impairment of fertility and only shght reductions of fertility at doses of 80 makg 
day. However, testicular atrophy/hypoplasia was observed in a six-month dog 
Study (at 80 ma/kq/day) and a 12-month rat study (at 40 mg/kg/day) 
Pregnancy Category C. Reproductive studies have been performed in rabbits at 
doses up to 200 mq/ka‘day andan rats at doses up to 80 ma/kq/day. In rats, doses 
öt 40 mg/kg/day and above. and in rabbits, doses of 80 ma kaq/day and above 
resulted in an increased incidence of fetal resorption assoaated with maternal 
toxicity. There was an increase in stillbirths and a decrease in postnatal survival m 
pregnant rats treated with suproten at 2.5 maq/kq/day and above An increased 
nedence of delayed partuntion occured in rats As there are no adequate and 
well-controlled studies in pregnant women, ths drug should be used during preg 
nancy only if the potential benefit jusnties the potential risk to the fetus. Becausr 
of the known effect of nonsteroidal antiintlammatory drugs on the fetal cardio 
vascular system (closure of ductus anenosus), use dunn late pregnancy should 
be avoided 
Nursing Mothers. Suproten is excreted in human milk atter a single oral dose 
Based on measurements of plasma and milk levels in women taking oral Suproten 
the milk concentration is about 1% of the plasma level Because systemic absorp 
tion may occur trom topical ocular admunmistration, a decrsion should be considered 
to discontinue nursing while receiving PROFENAL”® since the satety of suproten in 
human neonates has not been established 
Pediatric Use. Satety and effectiveness in children have not been established 
Drug Interactions. Clinical studies with acetylcholine chionde revealed no inter 
ference, and there is no known pharmacological basis tor such an interacnon 
However, with other topical nonsteroidal antantlammatory products, there have 
been reports that acetylcholine chlonde and carbachol have been metlective when 
used in patents treated with these agents 
Interaction of PROFENAL with other topical ophthalmuc medications has not been 
fully investigated 
ADVERSE REACTIONS: Ocular The most frequent adverse reactions reported 
are burning and stinging of short duration. Instances of discomtort, itching and 
redness have been reported Other reacnhons occuring in less than 0.5 of 
pahents include allergy. itis. pain, chemosis. photophobia. inntation, and punctate 
epithehal staning 
Systemic - Systemic reactions related to therapy were not reported in the clinical 
Studies. lt is known that some systemic absorption does occur with ocularly 
apphed drugs, and that nonsteroidal antiinflammatory drugs have been Shown to 
increase bleeding time by interference with thrombocyte aggregation It 1s ret 
ommended that PROFENAL be used with caunon in panents with bleeding tenden 
oes and those taking anticoaquiants 
OVERDOSAGE: Overdosage will not ordinarily cause acute problems. It accidently 
magested. drink fluids to dilute 
DOSAGE AND ADMINISTRATION: On the day of surgery. mstll two drops into the 
conjunctival sac at three, two and one hour prior to surgery. Two drops may be 
instilled into the conjunctival sac every tour hours, while awake. the day preceding 
surgery 
HOW SUPPLIED: Sterile ophthalmic solution, 2.5 mL in plasne DROP-TAINER® 
auspensers 

2.5 mL NDC 0065-0348. 25 
STORAGE: Store at room temperature 
US Patent Nos. 4.035.376, 4.559.443 
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Reviewed by Charles Regan, MD, Boston, Mass 
The Complete Contact Lens Fitting Guide and Directory (Soper, Kast!) 
Reviewed by James R. Lee, MD, Winthrop, Mass 
Clinical Light Damage to the Eye (Miller, ed) 
Reviewed by Peter L. Lou, MD, Boston, Mass 
Diagnosis and Management in Vision Care (Amos, ed) 
Reviewed by Arthur |. Geltzer, MD, Providence, Ri 


intercapsular Cataract Extraction: Current Developments 
in IOL implantation and Design (Rosen, Kalb, eds) 


Reviewed by Peter Hersh, MD, Boston, Mass 
The Glossary of Optical Terminology (Farrell) 
Reviewed by Deborah Jacobs, MD, Boston, Mass 
Cataract Surgery: Perspectives From Ophthaimic Surgery (Weinstein, Spaeth) 
Reviewed by Elliot Finkelstein, MD, Brookline, Mass 
Eye Lid Tumors: Clinical Diagnosis and Surgical Treatment (Older) 
Reviewed by John W. Shore, MD, Boston, Mass 
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The BIO-COR® Collagen Corneal 
Shield is the only collagen shield 
that has been shown to promote 
epithelial healing — the 12-hour, 
24-hour and 72-hour Shields have 
been reported to reduce healing 
time as much as 50% or more.1 


Comfort confirmed in 
92% of patient visits? 


Number of Patient Visits 





none mild moderate severe 


Discomfort Level Reported 


92% of visits disclosed no stinging, burning, 
itching, pain, or eye watering. Only 4 of 50 patient 
visits disclosed “mild” discomfort, with no 
instances of “moderate” or “severe” discomfort 
reported 


+Denotes number of patient visits 


1. Data on file, Bausch & Lomb Pharmaceuticals, Inc. 
2. Data on file, Eye Center, University of Illinois at Chicago. 


BIO-COR® lubricates and 
protects the eye as it helps 
speed healing 


BIO-COR® allows increased fibro- 
blast activity at incision; normal- 
izes surface epithelial bonding; and 
because the BIO-COR® Shield 
assures up to one-third more 
collagen availability than other 
collagen shields, BIO-COR® pro- 
vides greater collagen content at 
the wound site. 


Comfort your patients 
will appreciate 


BIO-COR® offers good oxygen 
permeability to increase oxygen 
diffusion and provide greater com- 


fort to the healing eye. BIO-COR® 


helps reduce post-operative 

stromal edema and minimizes 
inflam- tale 
matory _ 
reac- 
tions. 
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BIO-COR® absorbs ocular fluids 
readily. It eliminates the discom- 
fort of conventional bandages, 
and is clear enough to allow vision 
through the Shield. 


Encourages compliance, 
because it eliminates 
post-procedural patient 
responsibility 


BIO-COR® offers timed, natural, 
gradual dissolution, and provides 
functional vision while the Shield 
dissolves. 


Innovation: the benchmark 
of leadership 


BIO-COR® Collagen Shield — the 
first of many innovative products 
from Bausch & Lomb Pharma- 
ceuticals, Inc. collagen research. 
The kind of clinical advance you 
expect from a leader. 


BIO-COR’ 


CULLAGEN CORNEAQDSHIECYE 


Bausch & Lomb 
Pharmaceuticals, Inc. 
Clearwater, FL 34622-4807 


en shield can protect and lubricate. 
ut theres only one that promotes | 
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QUESTIONS AND ANSWERS 


Dry Eye and Cataract Surgery 
Stephen Waltman, MD, St Louis, Mo 
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Failed Filtering Operations 
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Randall W. Burt, MD, J. Preston Hughes, MD, Salt Lake City, Utah; 

Slaniey Fi. Hamilton, MD, Baltimor, Md scicescsiciiacsssercsitsestsneasorsdts nenna a 525 
Bilateral Diffuse Uveal Melanocytic Proliferation in Patients With Occult Carcinoma 
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Now Hypoflears Covers the Needs of 
All Your Dry Eye Patients 
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For nighttime therapy. 


dry eye patients. 


Millions of dry eye sufferers have 
found comfort with HypoTEARS 
and made it the #1 recommended 
tear among eye care physicians. 
This unique hypotonic formulation 
helps restore the hypertonic tear 
film to normal tonicity for 
soothing relief. 





Hypo m 


Tears e 


lubricating Eye Drop 
8 
Coml fy 
lor try eyed “i 


#1 Name in Artificial Tears... 


® 
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formulation. 


Now your therapeutic choice can 
include a non-preserved hypo- 
tonic tear for those patients with 
sensitivity to preservatives. Just 
like original HypoTEArs, the 
hypotonicity of HYPOTEARS PF 
helps break the dry eye cycle that 


begins with a hypertonic tear film. 


Unlike other preservative-free 
tear substitutes, HYPOTEARS PF 
does not contain sodium chloride. 
So, HypoTEARS PF won't add 
salt to an already salty tear film. 


Recommend the 






Hypolears 


Preservative-free and lanolin- 
free, HYPOTEARS Ointment is the 
perfect partner with HyPoTEARS 
solutions for round-the-clock 
relief ...and only one name 

to remember 
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: Introducing FML-S: 


(fluorometholone 0.1%, sulfacetamide sodium 10%) 
Liquifilm* sterile ophthalmic suspension 


FML-S Ophthalmic Suspension, the first ophthalmic to combine the advantages of 


fluorometholone 0.1% with the anti-infective coverage of sulfacetamide sodium 10%, is here. 
Allergan Pharmaceuticals joined the time-tested medications to provide a safe ae 
alternative to conventional steroid anti-infective therapy. 
New FML-S Ophthalmic Suspension. It may be the most useful ophthalmic ever to ee 
hit the market. a 
ee 


The New Combination. =z. 


Note: Employmemt of a corticosteroid medication in the treatment of patients with a history of herpes simplex requires great Caution 


Please see brief prescribing information on next page. 
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FML-S™ (tuoromethoione, sulfacetamide 
sodium) Liquifilm® sterile ophthalmic suspension 





_. INDICATIONS AND USAGE: FML-S is indicated for steroid-responsive inflammatory ocular 
- conditions for which a corticosteroid is indicated and where superficial bacterial ocular 
~ infection or a risk of bacterial ocular infection exists. Ocular steroids are indicated in in- 
flammatory conditions of the palpebral and bulbar conjunctiva, cornea and anterior seg- 
ment of the globe, where the inherent risk of steroid use in certain infective conjunctivitides 
is accepted to obtain a diminution in edema and inflammation. They are also indicated 
in chronic anterior uveitis and corneal injury from chemical, radiation or thermal burns 
-or penetration of foreign bodies. The use of a combination drug with an anti-infective 
_. Componentis indicated where the risk of superficial ocular infection is high or where there 
` {s an expectation that potentially dangerous numbers of bacteria will be present in the 
‘| eye. Theanti-infective drug in this product, sulfacetamide, is active against the following 
. common bacterial eye pathogens: Escherichia coll, Staphylococcus aureus, Streptococ- 
|. Sus pneumoniae, Streptococcus (viridans group), Haemophilus influenzae; Klebsiella 
<|- Species, and Enterobacter species. This product does not provide adequate coverage 
against Neisseria species and Serratia marcescens. A significant percentage of 
staphylococcal isolates are completely resistant to sulfa drugs. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis) and vaccinia. Fungal diseases of 
the ocular structures. Hypersensitivity to any component of the medication. WARNINGS: 
NOT FOR INJECTION INTO THE EYE. Prolonged use of steroids may resultin glaucoma, 
with damage to the optic nerve, defects in visual acuity and fields of vision, and in posterior 
subcapsular cataract formation. If used for longer than 10 days, intraocular pressure 
should be routinely monitored even though it may be difficult in children and uncooperative 
/ patients. Prolonged use of steroids may suppress the host immune response in ocular 
- tissues and thus increase the hazard of secondary ocular infections. Various ocular 
diseases and long-term use of topical corticosteroids have been known to cause cor- 
neal and scleral thinning. Use of topical corticosteroids in the presence of thin corneal 
of scleral tissue may lead to perforation. in acute purulent conditions of the eye, cor- 
ticosteroids may mask infection or enhance existing infection. Use of ocular steroids may 
prolong the course and may exacerbate the severity of many viral infections of the eye, 
Employment of a corticosteroid medication in the treatment of patients with a history 
of herpes simpiex requires great caution. Fatalities have occurred, although rarely, due 
to severe reactions to sulfonamides including Stevens-Johnson syndrome, toxic epider- 
mal necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic anemia, and other 
blood dyscrasias. Sensitizations may recur when a sulfonamide is readministered, ir- 
respective of the route of administration. If signs of hypersensitivity or other serious reac- 
tions occur, discontinue use of this preparation. (see ADVERSE REACTIONS). Cross- 
sensitivity among corticosteroids has been demonstrated. A significant percentage of 
staphylococcal isolates are completely resistant to sulfa drugs. PRECAUTIONS: General: 
The initial prescription and renewal of the medication order beyond 20 milliliters should 
be made only by a physician after evaluation of the patient’s intraocular pressure, 
į examination of the patient with the aid of magnification, such as slit lamp biomicroscopy 
| and, where appropriate, fluorescein staining. Drug Interactions: Sulfacetamide prepara- 
| . tions.are incompatible with silver preparations. Carcinogenesis, mutagenesis, impair- 
- -ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the possibility of these effects with fluorometholone or sulfacetamide. Pregnancy: 
Pregnancy Category C; Animal studies have not been conducted with FML-S Liquifilm 
Ophthalmic Suspension. Fluorometholone has been shown to be embryocidal and 
teratogenic in rabbits when administered at low multiples of the human dose. 
> -Fluorometholone was applied ocularly to rabbits daily on days 6-18 of gestation, and dose- 
~ felated fetal loss and fetal abnormalities including cleft palate, deformed rib cage, 
-anomalous limbs and neural abnormalities such as encephalocele, craniorachischisis, 
~~ and spina bifida were observed. Kernicterus may be precipitated in infants by sulfonamides 
-being given systemically during the third trimester of pregnancy, There are no adequate 
j- and well-controlled studies of FML-S Liquifilm Ophthalmic Suspension in pregnant 
{. women, and if is not known whether FML-S can cause fetal harm when administered 
to a pregnant woman. FML-S Liquifiim Ophthalmic Suspension should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. Nursing 
Mothers: itis not known whether topical administration of corticosteroids could result 
in sufficient systemic absorption to produce detectable quantities in breast milk. 
Systemically administered corticosteroids appear in breast milk and could suppress 
growth, interfere with endogenous corticosteroid production, or cause other untoward 
_ effects. Systemically administered sulfonamides are capable of producing kernicterus 
__-in infants of lactating women. Because of the potential for serious adverse reactions in 
-nursing infants from FML-S, a decision should be made whether to discontinue nursing 
| orto discontinue the medication. Pediatric Use: Safety and effectiveness in children have 
<. Rotbeen established. ADVERSE REACTIONS: Adverse reactions have occurred with cor- 
- ticosteroid/anti-infective combination drugs which can be attributed to the corticosteroid 
= Component, the anti-infective component, or the combination. Exact incidence figures 
_ are notavailable, since no denominator of treated patients is available. Reactions occur- 
-fing most often from the presence of the anti-infective ingredient are allergic sensitizations. 
<: Fatalities have occurred, although rarely, due to severe reactions to sulfonamides including 
-Stevens-Johnson syndrome, toxic epidermal necrolysis, fulminant hepatic necrosis, 
» agranulocytosis, aplastic anemia, and other blood dyscrasias (see WARNINGS). 
~ Sulfacetamide sodium may cause local irritation. The reactions due to the corticosteroid 
-- Component in decreasing order of frequency are: elevation of intraocular pressure (IOP) 
~ with possible development of glaucoma, and infrequent optic nerve damage; posterior 
» subcapsular cataract formation; and delayed wound healing. Secondary infestion: The 
development of secondary infection has occurred after use of combinations containing 
corticosteroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of corticesteroids. When signs of 
chronic ocular inflammation persist following prolonged corticosteroid dosing, the 
possibility of fungal infections of the cornea should be considered. Secondary bacterial 
ocular infection following suppression of host responses also occurs. 
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CLASSIFIEDS 
TARGETED TO YOU 


Every month this journal now has 
a special “Classified Advertising” 
section full of professional 
opportunities in your specialty. 

It’s a highly visible marketplace of 
wide-ranging opportunities, all 


concentrated under our new, blue 
banner. You'll find it toward the 
back of this issue. 


For details on advertising call: 
National: 800-237-9851 © Florida: 800-553-8288 
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From the Archives of the Archives 


Pathologic changes in the retina have always been of interest to the ophthalmologist because of their effect 
on vision, and to the internist because of their significance i in the diagnosis and prognosis of systemic diseases. 
Sclerosis of the retinal vessels affects vision in the main only when it becomes sufficiently advanced to inter- 
fere with the nutrition of the retina or when it is complicated by hemorrhage or edema. Recognition of its early 
stages is of considerable value, however, in the study of diseases of the cardiovascular system, especially if its 
relationship to sclerosis in other parts of the body can be clearly defined. Much has been written both on the 
ophthalmoscopic signs of retinal arteriosclerosis and on its interpretative significance. In the latter especially, 
a distinct trend toward clarification of the situation can be noted during recent years. It has seemed interest- 
ing and valuable to review briefly the rather extensive literature with a view more to emphasizing this trend 


SOURCE: Wagener HP: Sclerosis of the retinal arterioles. 
Arch Ophthalmol. 1930;3:335. 
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The Zinc Link 


ZINC is found in ocular tissues in very high 


~ concentrations, especially in the retina and 
choroid’” 
ZINC deficiency has been studied in patients 
— with: 


—Senile macular degeneration’? 
—Delayed corneal wound healing’ 
—Impaired dark adaptation’ 


Dietary ZINC deficiency is widespread in 


u individuals over age 60" 
New OCUVITE tablets contain 40 mg of 
eae elemental zinc as zinc oxide, the most 


concentrated form of zinc* 


OCUVITE tablets contain more zinc than any 
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*Zinc oxide contains more elemental zinc than any other zinc salt 
(ie, zinc sulfate or zinc gluconate). 
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Senile macular degeneration* and other ocular 
diseases**’ may be related to free radical damage 
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© Dietary deficiencies of antioxidant vitamins 
C, E and beta-carotene (vitamin A) are being 
investigated in relationship to senile macular 
degeneration and other eye diseases’ ® 


Š% Dietary vitamin deficiencies have been linked to: 
—Night blindness (vitamin A)* 
—Xerophthalmia (vitamin A)’ 
—Hemorrhages in ocular tissue (vitamin C)* 


© New OCUVITE tablets contain 100% of the 
U.S. RDA levels for vitamins C, E and A (as 
beta-carotene)—plus the antioxidant mineral 
selenium 
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Zinc 40 mg 267% Retina; pigment — Senile macular degeneration'”; 

(elemental) epithelium; choroid; cataracts’; night blindness and 

- lens'** xerophthalmia** 

Vitamin C 100% Blood vessels; lens; Hemorrhages in lids, conjunctivae, 

60 mg aqueous; retina" anterior chamber, retina’; cataracts”; 
senile macular degeneration®** 

Vitamin E 100% Antioxidant in ocular Cataracts*’; senile macular 

301U tissue*’ degeneration*® 

Vitamin A 5000 IU 100% Epithelial cells; Xerophthalmia’; night blindness’; 

(as Beta-Carotene) visual pigments’ cataracts®’; senile macular 
degeneration’ 

Copper 2 mg — 100% Blood; zine can Patients receiving zinc 

(elemental) impair absorption supplementation 

Selenium , Antioxidant in Various myopathies; striated 

40meg muscle tissue” muscle degeneration” 


*No US RDA established. 


times daily with meals, or as directed by physician. 





äg Priced lower per tablet than other leading multivitamin/multimineral products 
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e Superb resolution. 

e Super wide 130° field of 
view. 

èe Aspheric corneal contacting 
surface for superior fit. 

e High efficiency multi AR 
coating. 
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_ Correspondence 


Ms Topical Proparacaine and Suture Removal After 
- Blepharoplasty 


To the Editor.—Many patients complain of significant dis- 
-= comfort during suture removal after blepharoplasty. In an 
:¿ attempt to minimize this discomfort, we evaluated the ef- 
= fect of topical proparacaine hydrochloride applied to 
blepharoplasty wounds before suture removal. 

In preliminary, uncontrolled trials on patients who had 
undergone bilateral upper- and/or lower-lid blepharoplas- 
ties, proparacaine hydrochloride was applied on one side 
only prior to bilateral suture removal. Both the patient and 
the physician were aware of the side that was receiving an- 
esthetic and the side that was not. The majority of patients 
reported experiencing less discomfort on the side that 
received proparacaine. 

On the basis of these preliminary data, a controlled study 
-= was performed comparing proparacaine and a normal 
_ saline placebo in 15 patients. Six bottles of solution were 
-. made up and labeled a, b, c, d, e, or f. Three of the bottles 
-contained proparacaine ophthalmic solution and three con- 
tained normal saline solution. The composition of the bot- 
tles was known to an ocular epidemiologist (M.D.F.) but not 
to the physician who performed the study (H.J.G.). 
The epidemiologist created a list that stated which bottle 
< was to be used on each side of each consecutive patient. In 
< eight patients, proparacaine was used on one side and saline 
© on the other. In the other seven patients, either propa- 
-= yacaine or saline was used on both sides. 
Four days after bilateral upper- and/or lower-lid ble- 
=- pharoplasties, the simple running 6-0 silk sutures were re- 
moved. Patients were informed that solutions to minimize 
their discomfort were being compared. They were told be- 
forehand that they would be asked after suture removal to 
- compare one side with the other. Neither the patient nor the 
physician knew the composition of any of the bottles. A 
> cotton-tip applicator was soaked in solution and slowly 
_ rolled over the incision line several times. Sutures were then 
- removed with fine forceps and Vannas scissors. The patients 
-then compared the amount of discomfort on the two sides. 
-© Of the eight patients in whom proparacaine was com- 
pared with saline, three reported that the side receiving 
- proparacaine was better, three reported that the side 


. receiving saline was better, and two felt both sides were the 


same. 
= [n seven patients, proparacaine was compared with pro- 
_ paracaine or saline was compared with saline. Six of these 
. patients reported that one side was better than the other. 
_ One patient believed they were the same. 
-Our data indicate that proparacaine was no better than 
a saline placebo at alleviating the discomfort of removing 
sutures after blepharoplasty. 
HERBERT J. GLATT, MD 
ALLEN M. PutrermMan, MD 
MARILYN D. FARBER, DRPH 
Chicago, Il 
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Axial Length and the Response to Strabismus Surgery 


To the Editor.—We read with interest the article by Kush- 
ner et al’ in the November 1989 issue of the ARCHIVES. The 
authors found a significant inverse correlation between ax- 
ial length and response to surgery in patients with esotro- 
pia. They implied that the axial length variation was the 
cause of a portion of the variability found with strabismus 
surgery. They suggest that a surgical formula designed to 
take axial length into account would decrease that vari- 
ability. 

We question these conclusions based on the following 
concerns. Most importantly, the population of esotropia 
patients on which this study was based is heterogeneous. It 
can be divided into two quite different groups, those with 
congenital esotropia and those with acquired esotropia (in- 
cluding decompensated accommodative esotropia). These 
two groups of patients differ in age of onset of strabismus 
and in average quantity of esotropia. Patients with congen- 
ital esotropia are usually operated on between 6 months and 
2 years of age and would therefore be expected to have 
smaller axial lengths at the time of surgery than patients 
with acquired esotropia, who typically have surgery after - 
age 2 years. It is our impression and the impression of oth- 
ers that acquired esotropia (especially decompensated ac- 
commodative esotropia) requires larger recessions than 
congenital esotropia for a given deviation regardless of the 
age (and thus axial length) at which the patient undergoes 
surgery. Our dose-response calculations seem to support 
this. In addition, congenital esotropia is well known to have 
typically a larger quantity of deviation than acquired 
esotropia. All of the commonly used surgical formulas for 
esotropia surgery (to our knowledge) follow a bimodal 
dose-response curve. The slope of the dose-response curve is 
much steeper at the larger recessions. Mims et al? have 
demonstrated this very clearly. In other words, with larger 
recessions of the medial rectus muscles, more response oc- 
curs per dose. Thus, if a patient with congenital esotropia 
presenting at an earlier age with a larger deviation is com- 
pared with a patient with decompensated accommodative 
esotropia presenting at a later age with a smaller deviation, 
one would expect an inverse correlation between axial 
length and response to surgery. 

The authors also calculate the response in degrees per 
millimeter of surgery. This presumes that the response 
curve isa straight line going through the origin (0° response 
for 0 mm of surgery). As pointed out above, this curve is 
steeper at the larger recessions and does not extrapolate to 
the origin. 

We believe that the above points could in and of them- 
selves explain the observed correlation between axial 
length and the response to surgery. We question whether 
this correlation could be demonstrated within a single di- 
agnostic esotropia group. 

M. EDWARD WILSON, MD 
Scott K. MCCLATCHEY, MD 
Bethesda, Md 
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Š: Reply.— Nilson and McClatchey raise important ques- 
tions that eeserve careful analysis. Because it has been 
shown that esotropes with a high accommodative conver- 
‘gence accommodation ratio or a nonaccommodative con- 
-vergence excess do require larger amounts of surgery than 
¿other esotrepes, we intentionally excluded such patients 
from our study. We only included acquired esotropes in 
whem the near deviation and distance deviation were 

pproximately equal. We are surprised that Wilson and 
Clatchey believe that this group of esotropes requires a 
arger amount of surgery for a given deviation than 
congenital esotropes. All of the popular strabismus text- 
books and journal articles we are aware of do not recom- 
mend a different surgical formula for congenital esotropes 
‘nan for decompensated accommodative esotropes in whom 
the near deviatien equals the distance deviation. We there- 
fore thought it was appropriate to combine these two 


















patient groups in our study. Nevertheless, because of the 
juestions raised by Wilson and McClatchey, we reanalyzed 


wr data separating congenital esotropes from acquired es- 
trepes. For the 15 congenital esotropes in our study the 
resporse to surgery had a significant inverse correlation 
p with axial lengta (r = —.502, P < .05). For the 21 aequired 
. €otropes in our study the response to surgery did not cor- 
relate signiacantly with axial length (r = —.381, P <.10). 
re were concerned that because all of our acquired eso- 
+ were beyond the age of rapid ocular growth, and, 
n there was a much narrower range of axial 
i these patients than in the congenital esotropes, 
numberof patients would be too small to establish 
cance for what appeared to be a “trend,” although 
ere more patients in this group than in the congen- 
cal es a greup. Because our data collection is ongoing, 
2 chese to furtaer analyze patients with acquired esotro- 
ia by ineluding the additional 14 patients we have now 
tudied whe met all the criteria of our original study. In 
nese 35 patients the correlation of response to surgery with 
zial length was significant (r = —.371, P < .05). 
~ Of greater importance is the suggestion by Wilson and 
EicClatehey tha: the correlation we found between axial 
_Jength and response may have really been a reflection of the 
< fact that patients with smaller eyes tend to have larger de- 
“dations (congenital esotropes), and, according to Mims, 
_ larger deviations have a greater response to surgery than 
emailer deviations. To address this question it is important 
to determine the partial correlation coefficient for response 
to surgery with axial length, adjusting for deviation. This 
statistical text will reveal how response correlates with ax- 
ai length it the influence of any variation in deviation is 
iliminated. For 36 patients in our original study, the par- 
tial correlation coefficient of axial length and response, 
adjusting fer deviation was still significant (7 = —.3890, 
P< 02). 
as Our stud: confirms theoretical calculations that axial 
dength should be important in determining the response to 
strabismus surgery.’ Although Mims and others have found 
< <a oimedal:dese-response curve, to our knowledge there is no 
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satisfactory theory as to why it should beso. We believe our 
data suggest that the bimodal response found in strabismus 
surgery for esotropia may reflect the fac: that larger devi- 
ations occur in patients with smaller eyes, and, because of 
the smaller axial length in patients with large deviations, 
the response to the same amount of surgery is greater. _ 
Finally, although we did calculate response in degrees pe 
millimeter, we did not actually generate a dose-response 
curve in this study, not did we extrapolate to zero, as Wil- 
son and McClatchey suggested. Altaough it is clinically 
easier to measure patients using prism diopter notation 
(because that is how our prisms are calibrated), we believe 
that the use of degrees for calculations more accurately de- 
scribes the deviation of an eye and its change in position 
after surgery. 
Burtow J. KUSHNER, MD © 
NEL J. LUCCHESE, MD 
GAIL V. Morton, CO 
Madisen, Wis 
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2. Kushner BJ, Vrabec M. Theoretical effects wf surgery on length-tension 
relationships in extraocular museles. J Pedictr Gohthalmol Strabismus. 
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Retinal Artery Embolism Following Carciac 
Catheterization 


To the Editor.—In the March 1989 issue of the ARCHIVES, | 


Pe'er et al’ reported various fundus indings secondary to 


retinal emboli 1 day following cardiacvalve surgery in 10 of 
81 patients. They did not mention the number of eyes 
involved. Even then, this alarmingly high number (12%) 
suggests the need for more extensive preoperative and 
postoperative ocular workup to prevent and treat these 
complications that will go undetected otherwise. This study 
reveals the fact that retinal emboli following cardiac sur- 
gery are underdiagnosed, underreported. or both. 

Although since the late 1970s only cne report? addressing 
the subject of perioperative retinal erabo'i after open heart 
surgery has been published, cases cf retinal emboli follow- 
ing cardiac catheterization’ and therapeutic external ca- 
rotid embolization* have been reported in the 1980s. My 
colleague and I reported a case of central retinal artery 
embolization by cardiac catheter fragment. Our patient, a 
o7-year-old man, underwent cardiac catheterization for 
coronary angiography as a follow-apstucly of his myocar- 
dial infarction. The fragmentation o? the tip of the cathe- 
ter was related to the reautoclaving and reusing of the dis- 
posable catheter against the manufacturer's instructions, 
and to the metallic guidewire used to guide the catheter into 
the specific artery. The visual acuity ia the involved eye was 
reduced to light perception after embolism. 

I recommend that potential ocular risk factors must be 
considered and discussed with the patients before subject- 
ing them to cardiac or cardiovascular procedures. 

GURINDER SINGH, MD 
Los Angeles, Calif 


1. Peer J, Milgalter E, Matamoros N, Silberman S, Vidaurri L. Retinal 
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Protracted Uveitis as the Initial Manifestation of 
Wegener’s Granulomatosis 


To the E'ditor.—Wegener’s granulomatosis (WG) is a sys- 
temic inflammatory disease characterized by the clinico- 
pathologie triad of necrotizing granulomatous vasculitis 
affecting the upper and lower respiratory tract that is of- 
ten associated with glomerulonephritis. Localized forms of 
WG that are limited primarily to the upper or lower respi- 
ratory tract are also known to exist. Organs other than the 
respiratory tract and kidneys, such as the skin and eyes, 
may be involved by an associated systemic disseminated 
vasculitis.: Although the lungs and kidneys are the classic 
target organs, the vasculitis may affect other organs for 
prolonged intervals before the more characteristic mani- 
festations become evident. This protracted phase of the 
disease has been referred to as pathergic granulomatosis.’ 
In this case report we describe a patient who had a 4-year 
history of chronic uveitis before an open lung biopsy estab- 
lished the diagnosis of WG. 


Report of a Case.—A 50-year-old white man presented with a 4- 
year history of idiopathic uveitis in both eyes. A recent medical 
evaluation to investigate chronic dyspnea had revealed a mass in 
the middle lobe of the right lung believed to be compatible with 
carcinoma clinically. The medical history was remarkable for 
chronic sinusitis. 

The patient’s corrected visual acuity was 20/30 OU. His pupils 
were normally reactive to light without relative afferent pupillary 
defect. Biomicroscopy revealed fine keratic precipitates, several 
posterior synechiae, and grade I of IV anterior chamber reaction 
in both eyes. Vitreous cells were present in both eyes as well as 
larger, white, fluffy opacities in the peripheral vitreous bilaterally. 
No retinal infiltrates were observed. The retinal vasculature was 
normal. 

The laboratory evaluation results included a normal complete 
blood cell count, chemistry profile, angiotensin-converting enzyme 
level, and urinalysis. Serologic test results for syphilis and Lyme 
disease and a purified protein derivative skin test were negative. A 
cytologic study of tissue obtained during bronchoscopy of the right 
lung revealed inflammatory cells. Cultures and special stains were 
negative. An open lung biopsy revealed focal necrotizing granulo- 
matous inflammation with prominent granulomatous vasculitis 
affecting arteries of all diameters (Fig 1). Special stains and 
cultures for microorganisms were negative. The histopathologic 
evaluation of the specimen was considered sufficiently character- 
istic of WG that a biopsy from the patient’s chronically inflamed 
sinuses was not obtained. 


Fig 1.-~Lung biopsy specimen showing consolidation of pulmonary pa- 
renchyma by granulomatous inflammation. Small, medium, and large 
arteries are affected. The wall of this large artery is infiltrated by epithe- 
loid histiocytes and numerous giant celis (arrows) (van Gieson elastic 
stain, original magnification X 130). 
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The traditional treatment for classic WG has been with cytotoxic 
agents, but because the patient had relatively minor systemic 
manifestations and lacked the more serious necrotizing glomeru- 
lonephritis of WG conservative therapy consisting of sulfamethox- 
azole and trimethoprim was begun.’ In addition, conservative oc- 
ular therapy consisting of 1% topical prednisolone acetate every 2 
hours and 1% cyclopentolate hydrochloride twice a day was initi- 
ated. However, several months later, despite no demonstrable 
change in the systemic disease, the patient’s vision deteriorated to 
20/100 OD and 20/80 OS due to eystoid macular edema (Fig 2). 
Prednisone therapy, 60 mg orally per day, improved the visual acu- 
ity to 20/25 OU within 2 months, during which time the prednisone 
was tapered and discontinued without recurrence of inflammation 
or cystoid macular edema. There were no signs of progression of the 
disease systemically. 


Comment.—The protracted phase of WG may exist for 
years before the diagnosis can be clearly established. 
Twelve patients with pathergic granulomatosis described 
by Fienberg’ had nonspecific signs of inflammation for an 
average of 6.5 years before their diagnosis could be made. 
Three patients had chronic inflammatory disorders of the 
middle ear, paranasal sinuses, or nose for more than 14 
years before more typical findings made the diagnosis of 
WG evident. 

The incidence of ocular involvement in WG has been re- 
ported to be 40% to 45%.' The anterior segment is fre- 
quently involved in the form of marginal corneal ulceration 


Fig 2.—Late phase of fluorescein angiogram of right (top) and left (bot- 
tom) eyes revealing macular edema. 
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and scleritis. Orbital involvement is also frequent, gener- 
ally asa result of contiguous spread from the paranasal si- 
nuses. Conversely, posterior segment involvement is un- 
common and, when present, usually manifests as retinal 
vasculitis.’ 

Isolated uveitis without evidence of other ocular disease 
would appear to be a very unusual finding in WG. Haynes 
et al' reviewed all cases of WG in the English literature up 
to 1977. Of 342 patients with WG, only 6 had uveitis. Of these 
6 patients, 3 had severe concomitant corneal, scleral, or 
retinal involvement, quite different from the isolated, indo- 
leat process in our patient. 

Although it is possible that our patient had two distinct 
diseases (ie, chronic “idiopathic” uveitis and WG), we 
believe that the uveal and respiratory diseases are related. 
Wegener’s granulomatosis should be included in the differ- 
ential diagnosis of uveitis and the diagnosis should not be 
overlooked if the uveitis is protracted. 

THOMAS W. SAMUELSON, MD 
CURTIS E. Marco, MD 
Tampa, Fla 
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2. Fienberg R. The protracted superficial phenomenon in pathergic 
(Wegener’s) granulomatosis. Hum Pathol. 1981;12:458-467. 

3. Spiera H, Lawson W, Weinrauch H. Wegener's granulomatosis treated 
with sulfamethoxazole-trimethoprim. Arch Intern Med. 1988;148:2065-2066. 


Quantitative Pupillometry of Relative Afferent Defects in 
Glaucoma 


To the Editor.—A relative afferent pupillary defect usually 
indicates a disorder in the anterior visual pathway anterior 
to the optic chiasm. Its detection is helpful in the diagnosis 
of optic nerve diseases. It has generally been evaluated us- 
ing Kestenbaum’s number' or the swinging flashlight test 
and neutral-density filters that were calibrated in logarith- 
mic units of light attenuation and percentage of light 
transmittance 

We measured the relative afferent pupillary defect em- 
ploying the infrared video camera of the OCTOPUS perim- 
eter 201 (Interzeag AG, Switzerland). The study included 10 
healthy subjects (mean + SD age, 41.6 + 16.7 years; re- 
fractive error. +0.27 + 1.81 diopters [spherical equivalent]) 
and 17 patients suffering from primary open angle glau- 
coma (mean age, 53.0 + 11.9 years; refractive error, 
—.15 + 2:22 diopters). The mean difference in refractive 
error between the two eyes of the same individual was 0.01 
diopter. Sinee in the control group the frequency and degree 
of the relative afferent pupillary defect were not correlated 
with age, the eontrol and glaucoma groups were not 
matched for this parameter. Degenerative changes of the 
macula were not detected. Lens opacities, if present, were 
bilaterally equa! and did not impair ophthalmoscopy. No 
patient received miotic agents or unilateral local therapy. 
Anisocoria ef mere than 0.50 mm evaluated in room light 
conditions with both eyes uncovered was not detected. 

The background illumination of the perimeter cupola was 
changed from 0 lux to 8.500 lux. The subjects and patients 
were asked to look straight ahead and not to fixate on the 
cupola center. The pupil diameter was measured on the 
video screen. In cases of pupillary unrest due to initial ac- 
commedation, the diameter was determined after the pupil 
had attained a maximal and constant size. A relative 
afferent pupillary defect was defined as the difference in 
pupillary diameter between the two eyes at the same back- 
ground illummation. Before each eye was tested, the sub- 
jects and patients had been in complete darkness for 5 min- 
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Scattergram between the relative afferent pup !larydefect defined as the 
difference in pupil diameter of the right eye manus the pupil diameter of 
the left eye at a background illumination of 500 lux and the difference 
in neuroretinal rim area of the right eye minus the left eye. The correla- 
tion coefficient is —.67; P =.0001. 
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utes. Each eye was tested independently with the contralat- 
eral eye covered. 

In addition, 15° color stereo diapositives of the optic nerve 
head and 60° red-free photographs on the retinal nerve 
fiber layer were evaluated as described recently.’ Pupillo- 
metry and morphometric analysis cf the optic disc and 
retinal nerve fiber layer were performed in a masked fash- 
ion. 

The frequency of relative afferent pupillary defects ex- 
ceeding 0.50 mm decreased significantly with increasing 
background brightness. At 50-lux background illumination, 
such a defect was detected in none of the healthy subjects 
and in 7 (85% ) of 17 patients with glaucoma. The degree of 
the relative afferent pupillary defect was significantly cor- 
related with the difference between the two eyes in neuro- 
retinal rim area (Figure), the horizontal and vertical cup- 
disc ratios, the quotient of horizontal to vertical cup-dise 
ratio, the area of the parapapillary chorioretinal atrophy, 
the diameter of the inferior temporal retinal artery, and the 
retinal nerve fiber layer score. Correlation coefficients were 
highest for dim background illumination and for differ- 
ences from one eye to the other in neuroretinal rim area and 
retinal nerve fiber layer score, respectively. Pupillometric 
data considered for each eye separately were not signifi- 
cantly correlated with the morphometric parameters. 

The results confirm those of previous studies‘ indicating 
that quantitative pupillometry can be helpful in the diag- 
nosis of glaucoma. The correlation with the parapapillary 
chorioretinal atrophy underlines the importance of evalu- 
ating the parapapillary region in patients with glaucoma 
and others suspected of having glauccma. The relationship 
with the parapapillary diameter of the inferotemporal ret- 
inal artery corresponds to the reported decrease of retinal 
vessel diameters in glaucomatous eyes.’ Since the correla- 
tion coefficients were highest for dim background illumina- 
tion, the swinging flashlight test may be more sensitive with 
low-intensity light stimuli. Quantitative pupillometry can 
be performed using the infrared video camera of perime- 
ters. 

Jost B. Jonas, MD 

Frank-Michael Zach, MD 

GOTTFRIED O. H. NAUMANN, MD 
Erlangen, Federal Republic of Germany 
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` Sodium Hyaluronate and Giant Retinal Tears 


To the Editor.—We were surprised and perplexed by the 
article by Brown and Benson! describing their technique for 
closing giant retinal tears (GRTs) of 180° or more with 
rolled posterior flaps. 

‘The authors used sodium hyaluronate as an agent to un- 
fold the posterior flap after all conventional methods, 
including silicone oil-fluid exchange, had failed to unfold the 
retina “before the eye... [could]... be fully filled with gas 
or silicone oil.” We believe this method is incorrect and not 
a logical approach to the problem, for the following reasons: 

1. Persistent retinal folding in GRTs may be the result of 
epiretinal membrane proliferation and shortening or (oc- 
casionally) of incomplete removal of vitreous gel from the 
free surface of the flap. 

2. Persistent retinal folding in GRTs is readily managed 
by completing the silicone oil exchange. Once preretinal and 
© subretinal fluid is removed, the free edge of the folded GRT 

- can be manipulated directly with a bimanual technique, or 
-gently unfolded by repeated microincarceration with the 
- flute needle. — 

' 8. Sodium hyaluronate is water soluble and has an 
-extremely low surface tension in water,? while the purpose 

_ of an intraocular vitreous substitute is to provide internal 
tamponade of retinal breaks and for this reason, agents 
-with high surface tension in aqueous, such as air, sulfur 
hexafluoride, perfluorocarbon gases, and the silicone oils 
have been employed. 

We entirely agree that “there are GRTs that remain re- 
fractory to repair” but the fact that sodium hyaluronate 
was effective for a few days indicates that, in these six cases, 
the mechanical forces causing the retina to remain flapped 
over could not have been critical. 

The high density and viscosity of hyaluronate may nave 
helped to displace the retinal flap, but these properties alone 
do not provide effective tamponade. It follows that only 
<- minimal tamponade was required to maintain retinal reat- 
_ tachment in these cases, and they should have responded 
. well to standard techniques using a complete fluid-silicone 

oil exchange, or the use of perfluorocarbon liquids. Methods 

using tamponading agents with high surface tension in 
. aqueous are predictably successful in the treatment of 
~GRTs? 
All of the cases described required gas-sodium hyalur- 
-. Onate exchange later. These patients were therefore ex- 
posed to unnecessary risks of retinal injury, intraocular 
_. hemorrhage, and infection, apart from the risk of rede- 
«tachment and complications associated with the use of hy- 
‘aluronate. 
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We believe these risks are not justifiable and should not 
be incurred if well proved techniques are correctly applied. 
MICHAEL J. Lavin, FRCS, FCOPHTH 
PETER K. LEAVER, FRCS, FCOPHTH _ 
London, England > 


1. Brown GC, Benson WE. Use of sodium hyalurenate for the repair of 
giant retinal tears. Arch Ophthalmol. 1989;107:1246-1249. 

2. De Juan E, McCuen B, Tiedeman J. Intraocular tamponade and surface 
tension, Surv Ophthalmol. 1985;30:47-51. 

3. Leaver PK, Cooling RJ, Feretis EB, Lean JS, McLeod D. Vitrectomy and 
fluid/silicone oil exchange for giant retinal tears: results at six months. Br 
J Ophthalmol. 1981;68:432-438. 


In Reply.—We take note of the letter by Lavin and Leaver 
and appreciate the forum to present a rebuttal. Our article 
simply describes an alternative technique that can be con- 
sidered for the repair of GRTs of 180° or greater with ex- 
treme folding of the retina. 

We do not deny that other authors have demonstrated 
impressive results concerning the surgical repair of GRTs 
and specifically stated so in our study. Had prior success 
rates been 100% and the vision good in all eyes, we would 
not have considered reporting our technique. Nevertheless, 
this was not the case. 

Several points should be clarified. It has been our expe- 
rience that the retina can remain severely folded, even when 
epiretinal membrane formation is not present and a com- 
plete vitrectomy has been performed. Unfolding the retina, 
and keeping it unfolded, are among the chief obstacles to 
successful giant tear repair. We agree with Lavin and 
Leaver that perfluorocarbon liquids might well accomplish 
this goal, but they are currently unavailable to most ocular 
surgeons in the United States. 

Lavin and Leaver question the high risks of using sodium © 
hyaluronate and the exposure of our patients to a later 
gas-sodium hyaluronate exchange. In assuming this atti- 
tude, they seem to have ignored the substantial ocular 
morbidity,' particularly the development of lens opacities, 
inflammation, corneal damage, and giaucoma, associated 
with silicone oil injection into the vitreous cavity. The vast 
majority of eyes with intraocular silicone oil require surgi- 
cal removal of the oil at a later time if useful vision is to be 
maintained. Whereas a gas-sodium hyaluronate exchange 
can be readily performed with two 25-gauge needles in or 
out of the operating room, we have found that the removal 
of intraocular silicone oil is often more difficult and is rou- 
tinely performed in the operating room. 

Lavin and Leaver appear to have a high level of confi- 
dence in the application of fluid-silicone oil exchange for the 
repair of giant retinal tears. We do not believe that the toxic 
effects of intraocular silicone oil are any less substantial 
than those of sodium hyaluronate. We continue to believe 
that our approach can be of benefit in select cases of GRT 
refractory to repair, particularly until a more effective 
method than using silicone oil or sodium hyaluronate 
becomes readily available. 

Gary C. Brown, MD 
WILLIAM E. BENSON, MD 
Wyndmoor, Pa 
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Case Reports 


Propionibacterium acnes 
Orbital Abscess 


Propionibacterium acnes is a ubiqui- 
tous, gram-pesitive, anaerobic organ- 
ism. Long thought to be a harmless 
commensal species, it has become im- 
plicated in ocular disease. 

We report a P acnes orbital abscess 
that, to our knowledge, is the first re- 
ported case of a primary P acnes in- 
fection of the orbit in the ophthalmic 
literature. 


Repert of a Case.—A 34-year-old woman 
underwent enucleation of her left eye for 
eongenital glaucoma with implantation of a 
tantalam meshamplant at age 8 years. At 24 
years of age she underwent a scleral patch 
graft procedure fer implant exposure, and 
she-did well until 3 years prior to presenta- 
tion. During this period she experienced in- 
termittent diseomfort of her left orbit. 

On examination, the socket was lined 
with healthy-appearing conjunctiva. No 
discharge was present and no tenderness, 
although there was a “spongy” feel to the 
secket on digital palpation (Figure). 

The patient underwent removal of her 
implant and replacement with a dermis fat 
graft. Povidone-iedine and alcohol were 
applied to the periorbital skin along with 
povidoane-iodine instilled into the socket. 
The conjunctiva overlying the implant was 
incised. Immediately, foul-smelling, green- 
ish-brewn purulent material presented it- 
self. This was eollected in a sterile fashion. 
The abscess was drained and the implant 
removed. A dermis fat graft was placed to 
reconstruct the secket. 

The purulent material was brought im- 
mediately to the microbiology laboratory 
fer culture. @n the thioglycollate broth me- 
dium, an organism positively identified as P 
acnes grew. There was no aerobic growth, 
and ne other organisms were identified. 


Commeni.—Because P acnes is a 
common imhabitant of the conjuncti- 





Preoperative view of the socket. Note the rel- 
atively uninflamed appearance, with bulging 
forward of the conjunctiva. 
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val microflora, it is not surprising that 
it has been implicated in ocular infec- 
tion. Propionibacterium acnes has 
been identified as causing conjunctivi- 
tis, keratitis, canaliculitis, dacryocys- 
titis, and preseptal cellulitis.! Propi- 
onibacterium acnes endophthalmitis 
after extracapsular cataract extrac- 
tion and after neodymium:YAG laser 
posterior capsulotomy is reported 
more and more frequently. 

Factors aiding the proliferation of 
anaerobes include (1) impairment of 
local blood supply, (2) surgical manip- 
ulation in regions colonized by indige- 
nous microflora, (3) retained foreign 
material, and (4) exposure of orbital 
contents with inadequate conjunctival 
closure. 

Intraocular infections with P acnes 
seem to have in common a retained 
foreign body (intraocular lens). It is 
interesting that our case is also asso- 
ciated with retained foreign material 
(tantalum mesh implant). 

Orbital abscesses can occur within 
the orbital fat or between the orbital 
bones and periorbita. Our patient rep- 
resents a different type, with the ab- 
scess localized around an implant, en- 
closed in a pseudocapsule. Hornblass 
et al, reviewing 148 orbital abscesses, 
reported no cases of this type. 

The bacteriologic characteristics of 
orbital abscesses have received little 
study. A wide range of organisms have 
been isolated, most commonly Staph- 
ylococcus aureus, Staphylococcus epi- 
dermidis, and streptococci. A consid- 
erable number of cultures are nega- 
tive. 

Our patient’s presentation is consis- 
tent with chronic anaerobic infection. 
Orbital infections with aerobic bacte- 
ria are explosive in onset, with marked 
eyelid edema, chemosis, proptosis, and 
decreased extraocular motility. The 
patient is often febrile, with an in- 
creased white blood cell count. Our pa- 
tient had an indolent course, with 
increasing discomfort over years. 
There were minimal inflammatory 
signs. She was afebrile with no eleva- 
tion in white blood cell count. The foul 
smell of her abscess cavity is also 
characteristic of anaerobic infection. 

DANIEL J. CODEN, MD 
ALBERT HORNBLASS, MD 
New York, NY 
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Photoreceptor Cell 
Differentiation in Intraocular 
Medulloepithelioma: An 
Immunohistopatholegic Study 


We report a case of a teratoid intraoc- 
ular medulloepithelioma that ex- 
pressed S-antigen and rhodopsin im- 
munoreactivity. Both proteins are 
known to be photoreceptor-cell spe- 
cific and participate in the phototrans- 
duction of vision. Our study demon- 
strates that some medulloepithelio- 
mas may differentiate along a 
neuronallike cel! lineage. 


Report of a Case— A 6-year-old white boy 
was referred to the Ocular Oncology Ser- 
vice, Wills Eye Hespital, Philadelphia, Pa, 
for evaluation of pessible medulloepithelio- 
ma. The family medical history was posi- 
tive for glaucoma and diabetes mellitus in 
addition to thyroid, breast, lung, and colon 
cancers. On ocular examination, the pa- 
tient’s best corrected visual acuity was 6/15 
OD and 6/7.5 OS. An amelanotic cystic 
mass of the ciliary body was found infer- 
otemporally in the right eye. Growth of the 
lesion produced a subluxated lens and min- 
imal early cataractous changes. Because of 
the progressive growth of the lesion, exci- 
sion by a partial lamellariridocyclectomy 
was performed in the right eye. 

The microscopic examination revealed a 
malignant teratcid medulloepithelioma 
with several different types of cells. The 
anterior portion of the mass was composed 
predominantly of mature neural tissue re- 
sembling brain. The central portion was 
composed primarily of rather anaplastic 
small, round basephilic cells resembling 
retinoblastoma (Figure, top left). Posteri- 
orly, the tumor was composed of well- 
differentiated cells that formed chords and 
tubules resembling nmeuroepithelium. No 
cartilage, skeletal muscle, or other hetero- 
plastic elements were observed. 


Comment.—The histopathologic 
features of intraocular medulloepithe- 
lioma vary considerably. Some tumors 
are composed purely of neuroepithelial 
cells (eg, nonteratoid medulloepithe- 
lioma, diktyome), whereas other tu- 
mors may also contain heteroplastic 
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Indirect immunoperoxidase stain of medulloepithelioma. Top left, Local- 
ized area of the tumor showing small round basophilic cells resembling 
retinoblastoma. Note the presence of clusters of cells resembling well- 
differentiated Flexner-Wintersteiner rosettes (hematoxylin-eosin, origi- 
nal magnification, X100). Top right, S-antigen immunoreactivity in 
corresponding section (monoclonal antibody A9-C6; indirect immuno- 
peroxidase, original magnification, X 100). Bottom, Rhodopsin immuno- 
reactivity in equivalent section of tumor showing characteristic “halo” 
staining pattern (monoclonal antibody B6-30; indirect immunoperoxi- 


dase, original magnification, X 100). 


elements, particularly cartilage, skel- 
etal muscle, and brainlike tissue. The 
pluripotential nature of this tumor has 
also been demonstrated immunohis- 
tochemically. Kivelä and Tarkkanen! 
showed the presence of both neural 
and glial markers in the case of an 8- 
year-old girl with medulloepithelioma. 
The neuroblastic cells of this tumor 
stained positive for neuron-specific 
enolase and synaptophysin, where 
other gliallike cells were positive for 
glial fibrillary acidic protein, S-100 
protein, and vimentin. 

In our patient we used the avidin- 
biotin-complex technique? to localize 
S-antigen and rhodopsin immunoreac- 
tivity to those areas of the tumor 
resembling retinoblastoma, particu- 
larly to areas containing Flexner-Win- 
tersteiner rosettes. The immunoreac- 
tivity of both monoclonal antibodies 
was similar in distribution; however, 
the staining pattern was different. 
Monoclonal antibody A9-C6 immuno- 
precipitate associated with S-antigen 
was more intense and cytoplasmic 
in appearance (Figure, top right), 
whereas monoclonal antibody B6-30 
immunoprecipitate associated with 
rhodopsin had a “halo” pattern char- 
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acteristic of cell-surface staining (Fig- 
ure, bottom). 

S-antigen and rhodopsin are well- 
characterized proteins that have pre- 
viously been localized only to photore- 
ceptor cells of the retina and the pineal 
gland, and to tumors arising from 
these tissues, ie, retinoblastoma and 
pinealoblastoma.’ The finding of S-an- 
tigen and rhodopsin immunoreactivi- 
ty, in our case, illustrated the capacity 
of some medulloepitheliomas to differ- 
entiate along a neuronallike cell lin- 
eage. 

Intraocular medulloepithelioma is a 
congenital tumor that can undergo 
neural and glial differentiation, in- 
cluding the presence of photoreceptor 
cell markers, as demonstrated in this 
study. Future studies using additional 
neural, glial, epithelial, and mesenchy- 
mal markers may help clarify the het- 
eroplastic properties of this tumor. 
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Tonic Upgaze in Infancy 





Tonic, transient, vertical deviations in 
infancy in otherwise healthy neonates 
have been reported. Daroff and Hoyt! 
reported one case of a patient with 
“tonic-(upward) oculogyric episodes.” 
Ahn et al’ have recently reported three 
cases of tonic upgaze in infancy. 

In our case, sustained tonic upgaze 


Case Reports 


in an infant was associated with the 
development of amblyopia and stra- 
bismus requiring strabismus surgery. 
This case demonstrates the spontane- 
ous resolution ef tonic upgaze at 3% 
months of age, associated with esotro- 
pia and the development of amblyopia. 
Patching therapy and strabismus sur- 
gery were required in this child, 
who eurrently appears orthophoric. 
Awareness of this entity can help 
avoid extensive neurologic evaluations 
in these children and should encourage 
close follow-up to watch for the possi- 
ble development of amblyopia and 
strabismus. 


Report of arCase.—A 9-week-old male in- 
fant, the product of a normal delivery, with 
a birth weight of 3052 g was examined for 
the lack of following movement. Electroen- 
cephalegrams were found to be within nor- 
mal limits as were the remainder of his 
physical examination findings. On exami- 
nation, the infant appeared to be in an ex- 
treme sustained spasm of upgaze. Only the 
inferior limbus and 2 mm above it were vis- 
ibie in the palpebral fissures, as can be seen 
in Fig 1. The patient could bring his eyes 
down to look at an object and appeared to 
have a full range ef motion of his extraoc- 
ular muscles, including downgaze. We also 
noted that the child appeared to have an 
esotropia of 50 to 60 diopters (D). The ante- 
rier segment examination results were nor- 
mal to penlight. @n fundus examination, 
the dise, macula, and vessels all appeared to 
be within normal limits. 

The child was seen in follow-up at age 4 
months. At that time, his mother stated 
that the “rolling up” of his eyes had ceased 
2 weeks previously. On examination, fixa- 





Fig 1.—Our patient at age 9 weeks demon- 
strating an extreme, sustained spasm of up- 
gaze. Only the inferior limbus and about 2 mm 
above it were visible in the palpebral fissures. 
Note that the intant seems to have a significant 
esetropla. 





- ‘ 
Fig 2.—Our patient at age 16 months fixing 
with the left eye and demonstrating a right 
esotropia of abeut 50 diopters. The sustained 
spasms of upgaze were no longer present. 


Arch Ophthalmol— Vol 108, April 1990 





tion was central, steady, and maintained in 
each eye. Pupillary examination results 
were normal, including a negative swinging 
light test. An extraocular muscle examina- 
tion revealed an esotropia of 20 D. On a 
subsequent examination at age 15 months, 
the child objected to covering of the left eye. 
Fixation was central and steady but was not 
maintained in the right eye, and was cen- 
tral, steady, and maintained in the left eye. 
The patient had a right esotropia of 30 D. 
Cycloplegic retinoscopy was +1.25 OD, and 
+1.25 OS. Fundus examination results were 
within normal limits. The child wore an oc- 
clusion patch full-time for 1 week, and on 
return examination fixation was central, 
steady, but still not well maintained in the 
right eye. We continued use of the patch for 
an additional week and fixation appeared to 
be central, steady, and maintained in each 
eye and alternating freely. At that time his 
esotropia had increased to 50 D (Fig 2). He 
had both medial rectus muscles recessed 6 
mm. Postoperatively, he appeared ortho- 
phoric, and at the time of his 1-year post- 
operative examination, he was still ortho- 
phorie. 


Comment.—Like the previous four 
cases in the literature of tonic upgaze 
in infancy, our patient did not have any 
seizure activity or significant neuro- 
logic disease. The child was seen at 9 
weeks of age but his mother reported 
that this tonic upgaze had been present 
since birth. Again, as in the previously 
reported cases, there was spontaneous 
resolution, which, in this case, oc- 
curred at 342 months of age. Unlike the 
previous cases, this child had an asso- 
ciated esotropia and developed ambly- 
opia that required patching therapy 
and strabismus surgery. Awareness of 
this entity can help avoid extensive 
neurologic evaluations in these chil- 
dren and encourage close follow-up to 
watch for the possible development of 
amblyopia and strabismus. 

MARILYN METS, MD 
Chicago, Ill 
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Free-Floating Cyst of the 
Retrolental Space 





Free-floating cysts of the ocular media 
have been well documented in both the 
anterior chamber and the vitreous. 
Free-floating cysts within the retro- 
lental space are extremely rare and, to 
our knowledge, only three such cysts 
have been previously reported. We re- 
port one further case of a free-floating 
cyst within the retrolental space. 


Report of a Case.—A healthy 30-year-old 





Mobile pigmented cyst lying between the crys- 
talline lens and the anterior hyaloid membrane. 


black woman with ao visual complaints pre- 
sented to the ophtkalmology clinic for rou- 
tine examination. Visual acuity was mea- 
sured at 20/20 OU. “xtraocular movements, 
intraocular tensioas, pupillary responses, 
Amsler grid testing results, and fundu- 
scopic examination results were all normal. 
Biomicroscopy shcwed a single, discrete, 
yellowish cyst, whrh was floating between 
the posterior lens capsule and the anterior 
hyaloid (Figure). This cyst was spherical, 
had fine speckling of pigment, and did not 
appear to have any surrounding inflamma- 
tory cells. It appeared to be floating freely 
within the retroleata! space, with no at- 
tachments, and it Fas caused no visual dis- 
turbance or other sequelae for this patient. 
There were no signs of a ciliary body tumor 
or any other epithe ial cysts in this patient. 


Comment.—Cysts lying between the 
lens and the anterior hyaloid are ex- 
tremely rare and may be difficult to 
distinguish from cysts in the anterior 
vitreous lying clcse to the lens. Sugar 
and Blau’ in 1973 summarized the only 
two previously described cases and 
added one case ef their own. To our 
knowledge, no further cases have been 
described in the iterature. 

The origin of these cysts is uncer- 
tain, although it is possible they may 
be derived from the epithelium of the 
ciliary body and may be similar to an- 
terior chamber free-floating cysts de- 
rived from medul oepitheliomas of the 
ciliary body. It is more likely that these 
cysts are congen tal and are derived 
from either early epithelial elements 
or remnants of the tunica vasculosa 
lentis. Because of the low incidence of 
retrolental cysts as well as their be- 
nign nature, no specimens have been 
procured for pa-:hological examina- 
tion. 

Several other reports of cystic struc- 
tures lying near the posterior lens 
surface describe clear cysts resem- 
bling a water or oil droplet, lying usu- 
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ally within the visual axis and often 
causing visual disturbance by acting as 
a “double lens.” These clear cysts are 
usually associated with posterior len- 
ticular opacities’ or have short attach- 
ments extending posteriorly into the 
vitreous,’ and are therefore reasonably 
assumed to be derived from cystic di- 
latations of Cloquet’s canal or cystic 
remnants of the hyaloid artery system. 
These clear cysts are clinically quite 
different in appearance from the pig- 
mented cysts of the retrolental space 
previously described. 

H. SAUL SuGAR, MD 

DAvID BOGORAD, MD 

BRADLEY W. RICHARDS, MD 

Detroit, Mich 
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Leukemic Infiltrate Appearing 
as Periorbital Cellulitis 


When considering a diagnosis of peri- 
orbital cellulitis, findings of a systemic 
evaluation of the patient must be 
taken into account. Although leukemia 
is characterized by infiltration of bone 
marrow and blood with immature leu- 
kocytes, other organs may be involved, 
including the skin. We describe a pa- 
tient with acute myeloblastic leukemia 
who clinically appeared to have peri- 
orbital cellulitis. 


Report of a Case.—An 85-year-old man 
was evaluated for bilateral periorbital 
edema and erythema that had been present 
for 2 weeks. His past history included mul- 
tiple myeloma diagnosed 3 years earlier. 
Three months prior to evaluation, he devel- 
oped myelodysplastic syndrome, which was 
treated with chemotherapeutic agents and 
corticosteroids. The patient had refractory 
anemia and within 2 weeks prior to evalu- 
ation was found to have excess blasts in his 
peripheral blood consistent with acute my- 
eloblastic leukemia. The patient was ini- 
tially treated with systemic ciprofloxacin 
hydrochloride for presumed infectious pe- 
riorbital cellulitis and failed to improve af- 
ter 1 week. He was referred for ophthalmo- 
logic examination. 

Examination showed visual acuity to be 
20/40 OD and 20/60 OS. External examina- 
tion showed bilateral periorbital cutaneous 
erythema, edema, subepithelial bullae, and 
superficial ulcerations (Fig 1). The area 
diffusely involved the eyelids and was 
sharply delineated from surrounding nor- 
mal tissue. Both upper eyelids were ptotic. 
Ocular motility was normal and the re- 
mainder of his ophthalmologic examina- 
tion yielded no abnormalities. He had sim- 
ilar cutaneous lesions on his right shoulder, 
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Fig 1.—Skin of right and left eyelids is edematous, erythematous, and focally ulcerated. 


right axilla, right forearm, and left poste- 
rior cervical area. The patient was afebrile. 
Laboratory test results were as follows: he- 
moglobin, 74 g/L; hematocrit, 0.223; plate- 
lets, 18 X 10°/L; and white blood cell count, 
4.9 X 10°/L with 0.15 segments, 0.31 lym- 
phocytes, 0.16 blasts, and 0.28 monocytes. 

A biopsy specimen was obtained of in- 
volved skin contiguous with the left eyelids. 
The biopsy showed an infiltrate primarily 
in the reticular dermis composed of an ad- 
mixture of mature polymorphonuclear leu- 
kocytes and discohesive large atypical 
round cells with irregular nuclei, suggestive 
of myeloid precursors and blasts (Fig 2). A 
chloracetate esterase stain was positive in 
the polymorphonuclear leukocytes and 
atypical cells. A diagnosis of leukemia cutis 
was made. Due to the family’s request, che- 
motherapeutic agents were not used. The 
patient died 2 weeks later secondary to 
complications of acute myeloblastic leuke- 
mia. 


Comment.—Al|though cutaneous in- 
volvement is not uncommon in certain 
types of leukemia, leukemic infiltra- 
tion of the skin secondary to acute 
myeloblastic leukemia is unusual.' Al- 
though cutaneous manifestations oc- 
cur in up to 50% of patients with leu- 
kemia, eyelid involvement is rare. 
This case differs from previously re- 
ported cases in that our patient had 
diffuse, bilateral eyelid involvement 
clinically simulating infectious perior- 
bital cellulitis rather than a discrete 
subepithelial nodule. The clinical 
findings of bullae and cutaneous ulcer- 
ation combined with pathologic evi- 
dence of an infiltrate of polymorpho- 
nuclear leukocytes in the dermis sug- 
gest the presence of pyoderma 
gangrenosum, a condition that has 
been previously shown occasionally to 
coexist with cutaneous leukemic 
infiltration. The discohesive atypical 
cells in the dermis are consistent with 
leukemia cutis. 

The prognosis of patients with acute 
myeloblastic leukemia is poor, with 
most patients surviving only a few 
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Fig 2.—Biopsy specimen of skin shows infil- 
trate of neutrophils primarily in the reticular 
dermis. Large, discohesive blasts are scat- 
tered throughout (inset) (hematoxylin-eosin, 
original magnification X25 [inset, original mag- 
nification X250]) 


months.' Cutaneous infiltration of the 
skin is a poor prognostic sign and can 
be associated with a blast crisis.? Our 
patient lived only 1 month after diag- 
nosis. 
HANS E. GROSSNIKLAUS, MD 
TED H. WoJno, MD 
Atlanta, Ga 
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Perception versus reality. 

In glaucoma therapy, Betagan* (levobunolol 
HCl) 0.5% Ophthalmic Solution is an effective 
way to treat elevated IOP associated with open- 
angle glaucoma. But some perceive Timoptic" 
(timolol maleate) 0.5% to be more effective. 

In reality, a four-year, double-masked study 
evaluating B.I.D. therapy in 391 patients with 


open-angle glaucoma or ocular hypertensior 
concluded that Betagan and Timoptic arı 
equally effective in lowering intraoculai 
pressure? 

Now add another dimension. Betaga1 
Ophthalmic Solution provides an activ 
metabolite contributing to long-lastin 


efficacy, plus the opportunity for improve! 


1. Timoptic is a registered trademark of Merck Sharp & Dohme. 2. The Levobunolol Study Group. Levobunolol—A four-year study of efficacy and s 
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failure; cardiogenic shock; hypersensitivity to any component of this product. 


Se when it comes to safe, effective therapy 
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Please see brief prescribing information on next page. 
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INDICATIONS AND USAGE: BETAGAN 0.25 % and 0.5% have been 
shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those 
individuals with bronchial asthma or with a history of bronchial asthma, 
or severe chronic obstructive pulmonary disease (see WARNINGS); sinus 
bradycardia; second and third degree atrioventricular block; overt cardiac 
failure (see WARNINGS); cardiogenic shock; or hypersensitivity to any 
component of this product. WARNINGS: As with other topically applied 
ophthalmic drugs, BETAGAN may be absorbed systemically. The same 
adverse reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
severe respiratory reactions and cardiac reactions, including death due 
to bronchospasm in patients with asthma, and rarely death in associa- 
tion with cardiac failure, have been reported with topical application of 
beta-adrenergic blocking agents (see CONTRAINDICATIONS). Cardiac 
Failure: Sympathetic stimulation may be essential for support of the cir- 
culation in individuals with diminished myocardial contractility, and its 
inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period 
of time can, in some cases, lead to cardiac failure. At the first sign or symp- 
tom of cardiac failure, BETAGAN should be discontinued. Non-allergic 
Bronchospasm: In patients with non-allergic bronchospasm or with a 
history of non-allergic bronchospasm (e.g.. chronic bronchitis, 
emphysema), BETAGAN should be administered with caution since it 
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catecholamine stimulation of betaz receptors. Major Surgery: The necessity 
or desirability of withdrawal of beta-adrenergic blocking agents prior to 
major surgery is controversial. Beta-adrenergic receptor blockade impairs 
the ability of the heart to respond to beta-adrenergically mediated reflex 
stimuli. This may augment the risk of general anesthesia in surgical pro- 
cedures. Some patients receiving beta-adrenergic receptor blocking agents 
have been subject to protracted severe hypotension during anesthesia. 
For these reasons, in patients undergoing elective surgery, gradual 
withdrawal of beta-adrenergic receptor blocking agents may be 
appropriate. If necessary during surgery, the effects of beta-adrenergic 
blocking agents may be reversed by sufficient doses of such agonists as 
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DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
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asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HCI) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the 
immediate objective of treatment is to reopen the angle. This requires, 
in most cases, constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated 
intraocular pressure in angle-closure glaucoma, it should be followed with 
a miotic and not alone. Muscle Weakness: Beta-adrenergic blockade has 
been reported to potentiate muscle weakness consistent with certain 
myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Drug Interactions: BETAGAN should be used with caution in patients 
who are receiving a beta-adrenergic blocking agent orally, because of 
the potential for additive effects on systemic beta-blockade. Although 
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in male rats administered 12,800 times the recommended human dose 
for glaucoma. Similar differences were not observed in rats administered 
oral doses equivalent to 350 times to 2,000 times the recommended 
human dose for glaucoma. Levobunolol did not show evidence of 
mutagenic activity m a battery of microbiological and mammalian in 
vitro and in vivo assays. Reproduction and fertility studies in rats showed 
no adverse effect on male or female fertility at doses up to 1,800 times 
the recommended human dose for glaucoma. Pregnancy Category C: 
Fetotoxicity (as evidenced by a greater number of resorption sites) has 
been observed in rabbits when doses or levobunolol HCI equivalent to 
200 and 700 times the recommended dose for the treatment of glaucoma 
were given. No fetotoxic effects have been observed in similar studies with 
rats at up to 1,800 times the human dose for glaucoma. Teratogenic studies 
with levobunolol in rats at doses up to 25 mg/kg/day (1,800 times the 
recommended human dose for glaucoma) showed no evidence of fetal 
malformations. There were no adverse effects on postnatal development 
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decreased corneal sensitivity after prolonged use. The following addi- 
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Congressional Attention 


W 'ashington, DC—Concern over medical liability costs re- 
-ducing individuals’ access to health care and increasing the 
of high-risk procedures has prompted Sen Orrin Hatch 


i tah) to ask Congress for a bipartisan federal solution 


ire sing Congress on November 20, 1989, Senator 
H teh explained that the price of requisite medical liabil- 
ity insurance directly increases health care costs. The qual- 
ty or extent of medical care may be affected indirectly by 
sicians increasing their defensive practice of medicine. 
expressed-his willingness to work with Senate Demo- 
Jers in developing a national bipartisan solution, 
1 the ‘majority of cases, states have been unable to 
ute effective tort reform legislation. The federal leg- 
ation would preempt state laws.' 
Hatch has also organized a coalition of approximately 40 
health organizations named the Medical Malpractice Coa- 
lition but referred to as the “Hatch Coalition.” Members of 
the coalition include the American Medical Association 
(AMA), medical specialty societies, the American Insur- 
< ance Association, and the Washington Business Group on 
- Health. The coalition is working to develop recommenda- 
| tions to be presented to the bipartisan group. 
. Prior to Hatch’s call for legislation, two tort reform bills 
were presented to Congress late last year. The “Lawsuit 
eform Act” (51100), introduced by Sen Mitch McConnell 
Ky) would implement as federal preemptive law several 
eat. reforms applicable in all tort cases. The act calls for 
e following: 
elimination of joint and several liability whereby a 
ntiff could sue one or more parties separately or all of 
gether at his or her option; 
roduction of a requirement that attorneys inform 
ients of the options available through alternative 
esolution, and 
| bition of damage recovery if a plaintiff's intoxi- 
is significantly responsible for injuries suffered. 
Professional Medical Liability Reform Act” 
ntroduced by Rep Robert Mrazek (D, NY), would 
deral incentives for states to implement medical 
im arbitration programs. The arbitration pan- 
ad by participating states would have author- 
s frivolous claims, award structured periodic 
id limit pain and suffering awards. 
eduled hearings for either of these bills. 

on a proponent of tort reform, endorsed a 
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Medical Liability Tort Reform Receives 


“limited menu of federal preemptive medical lability 
reform measures” (Report of the Board of Trustees, Report 
S [1-89]) at its interim meeting in December 1989. Basing its 
recommendations on the California Medical Injury Com- 
pensation and Recovery Act, which it views as “the logical 
centerpiece of any federal package designed to be effective. 
immediately in curtailing the upward trend of liability 
costs.” The AMA recommends the following: 

è limitations of $250 000 or lower on recovery of noneco- 
nomic damages; 

e mandatory offset of collateral sources of plaintiff com- 
pensation; 

è reduction of sliding scale regulation of attorney con- 
tingency fees; : 
e periodic payment of future awards of damages; and 

e restriction of the period for suspending the application 
of state statutes of limitations for minors to no more than 
6 years after birth. 

The AMA also asked its Special Task Force on Profes- 
sional Liability and Insurance to comprehensively review 
the liability reform provisions currently supported by the 
AMA and evaluate their impact. The task force was also di- 
rected to monitor closely federal interest in hability reform 
initiatives. 

The AMA has a history of supporting tort reform. In 1987, 
it endorsed a model program for reform that resulted from 
the collaboration of the AMA and various national specialty 
societies, including the American Academy of Ophthalmol- 
ogy.’ The AMA supported the “National Professional Lia- 
bility Act of 1987,” which offered development and imple- 
mentation grants to states that enacted and studied reform 
provisions application to health care providers under rec- 
ommended guidelines. Under this legislation, each state 
could qualify for more than $4 million in federal incentives 
(Report of the Board of Trustees, Report L [A-89)). 

Experts predict that federal tort reform initiatives will 
most likely be strongly opposed by the trial bar, as were 
their state counterparts. Also, it is unlikely that federal 
legislation could succeed without the active support of the 
medical profession. For its part, the AMA will continue to 
work with legislators and specialty societies to explore pos- 
sibilities for federal funding assistance for alternative dis- 
pute resolution proposals in interested states. 

JULIE FOREMAN 


1. Professional Liability Update; January/February 1990. 
2. Springer MD. Alternative tort system urged by AMA, spe- 
cialty societies. Arch aus 1988;106:318. In Focus. 





In Focus 





Edited by Da Daniel M. Albert, MD 


: Retina, edited by S. J. Ryan, T. F. Og- 

“den, A, P. Sehachat, B. M. Glaser, R. C. 

< Michaels, R.™ Marphy, and A. Patz, 2248 

< o opp with illus, 3 volumes, St Louis, Mo, 
OO o OV Mosby Co: 1989, $325. 

= The mere togistics of collating the 

_ essays of 154 individual contributors 

Into @ cohesive and timely text would 

intimidate masteditors. Stephen Ryan 

_ and his six associate editors have man- 

~ aged to accemplish that Herculean 

task, and have produced a three- 

volume encyelopedia of authoritative 

diseussions.on a wide range of topics 

related to the physiology and pathol- 

ogy of the posterior segment of the 

ae ‘globe. 

















he ...@n essential reference for cli- 















~ Volume 7 inciudes a review of the 
_ basics of anatomy, physiology, psycho- 
| aa °s, genetics, immunology, and 
- mierabiology pertinent to the title; an 
austive discussion of ocular ultra- 
raphy; selected electrophysio- 
sts; aad a catalogue of retinal 
rations and dystrophies in its 
- rst section The second part is devoted 
E -cte thediagno: tie features and methods 
-of management. of tumors of the ret- 
ina, choroid, and vitreous. 

Volume 2 is dedicated to medical 
retinal probl: «ms and is appropriately 
intrecuced by acomprehensive expla- 
nation of fluorescein angiography. Ma- 
jor sections of the text cover macular 

abnormalities, retinal-vascular dis- 
eases, infeetions, and immune-medi- 
ated disorders. Brief references to op- 
“tic nerve pits and drusen are also 
incluced. 
= Velume 3 censiders the mecha- 
“nisms of normal retinal attachment 
> and abnormal retinal detachment. 
_ Surgieal methods for reattachment 
are describec, including the latest ad- 
junets to vitreoretinal procedures de- 
signëd to deal with the most compli- 
cated cases ef proliferative vi- 
treoretinopathy and giant retinal 
tears. The final section deseribes the 
a _ management. of infectious endoph- 
o  thalmitisaad, briefly, the use of diag- 
| < Nostic and therapeutic vitrectomy in 
cases of uveitis. 
< Retina is aa up-to-date and compre- 
ive reference that stands as an 
oritative milestone of current in- 
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formation essential to understanding 
and treating vitreoretinal abnormali- 
ties. The text is amply illustrated with 
excellent figures, diagrams, and pho- 
tographs, and the sequence of comple- 
mentary sections is logical and effec- 
tive. Many subjects are repeated when 
additional aspects of their nature or 
management apply to another major 
heading, but the reader gains an even 
broader perspective from the reitera- 
tion. Multiple authorship demands 
some concession to uniform literary 
style, but more than compensates by 
increasing both the scope of subject 
material and the expertise of presen- 
tation. 

The various parts and sections of the 
three volumes are generally well bal- 
anced. A few, such as those on the ret- 
inal and choroidal circulations, seem 
brief in relation to the importance of 
the subject, whereas, by the same to- 
ken, retinitis pigmentosa, macular 
dystrophies, and vitreoretinal func- 
tion receive more than adequate expo- 
sition. The variations may reflect the 
industry of the authors rather than the 
design of the editors and do not detract 
from the overall value of the work. The 
sections on fluorescein angiography 
and ultrasonography are appropri- 
ately extensive and instructive, but 
caution is recommended in concluding 
that clinical ultrasonography regu- 
larly provides diagnoses as definitive 
as the authors suggest. 

Retina is a highly recommended 
publication, at least as an essential 
source of reference for clinicians con- 
cerned with disorders of the posterior 
ocular segment, and as an introductory 
text with an extensive and pertinent 
bibliography for students of the sub- 
specialty. 

CHARLES REGAN, MD 
Boston, Mass 


The Complete Contact Lens Fitting 
Guide and Directory, by J. W. Soper 
and P. R. Kasti, 197 pp, Thorofare, NJ, 
Slack Inc, 1986, $25. 


True to the promise in its preface, 
The Complete Contact Lens Fitting 
Guide and Directory provides a quick 
reference source for the contact lens 
fitter. Included in this handy volume 
are basic design data, fitting tech- 
niques, reference tables, comparisons 
of various lenses, information on avail- 





ability of care products, specifications _ 
of available lenses, and general infor- 
mation about contact lens fitting. 
Readers must bə at least moderately 
familiar with lers fitting techniques to — 
benefit from this book. 





“. .. a quick -eference source for — 
the contact lers fitter.” 5 





Presented corcisely are techniques A 
for fitting hard lenses. The varieties of oa 
lenses presentec include the mundane. - 
spherical lens, as well as the more 
esoteric bitoric, <eratoconic, postkera- 
toplasty, and piggyback lenses, An 
teresting systera for calculating lens 
power is demonstrated, which is w wor 
able through a variety of lenses, and 
illustrated in several examples. A to- 
pogometer is often used during 
determination, although ma: 
may have never even seen 
book is replete with “pearls 
mation.” They are « especially 
in the discussion of the treatment « 
bifocal rigid cr2sert lens fitting, as A 
well as the us2 of Soper keratotic 
lenses in postkecatcplasty and piggy- g 
back techniques. The coverage givento = 
soft contact lenses is sketchy. Thereis  — 
a very limited review of the bare es- 
sentials in sphericals, tories, and bifo- 
cals. z 
The strongest point of the book is _ 
that its clearly stated information for ae 
the contact lens fitter is contained 
within one easy-:o-handle volume. The > 
authors’ preface also reveals a com- 
mitment in future editions to changes 
in technology ani product availability. — 
A stronger review of up-to-date fitting — 
techniques, com ined with its already ` 
comprehensive tabies, would make 
this an irresistible resource. for. all 
contact lens fitters. 
























SAMES R. ie. MD 
Winthrop, Mass 









Clinical Light Damage to the Eyo; 
edited by David Miller, 225 pp with 85 fig- 
ures, New York, WY, Springer-Verlag: NY 
Inc, 1987, $89. o 


Better health care in industrialised. 
nations has increased the life expec- 
tancy in the general population T 
price we pay foe longevity is, 
other things, a rise in the inc 
cataracts and age-related macular 
degeneration. “hus, Clinica: Light — 
















Dimage to io > Eye is a TET ane 


~ welcome review of the possible mech- 

© anisms of phototoxicity to various oc- 

~ ular tissues. 

- Part 1 of the book provides a review 
of the physics of light as well as a 

philosophical overview of the photo- 

chemistry of life and cell death. Al- 


. though the author might have been 


l overly enthusiastic in stating that 
“sunlight and oxygen...are the 
-causes of all life on this planet” (page 
17), thus failing to acknowledge the 
- existence of anaerobic and sulfur-de- 
pendent microorganisms, the overall 
discussion on the biochemistry of free 
-radical scavengers in the form of the 
= enzyme superoxide dismutase is in- 
. triguing. 





“,..a timely and welcome re- 


_ view of the possible mechanisms of 


phototoxicity ...” 





Part 2 of the book provides an in- 
depth consideration of the many ways 
‘by which light can damage the various 
_ structures of the eye, including the ad- 
nexa, chamber angle, lens, and retina. 
“While the possibility is raised that 
` glaucoma may be caused by a failure to 
cope with the chronic insult of hydro- 
-gen peroxide, the relationship between 
: ultraviolet radiation and cataract for- 
mation is much better established, 
both experimentally in animals and 
. epidemiologically in humans. The ma- 
-terial in this section also reaffirms the 
long-held suspicion that the aphakic 
-macula is more vulnerable to light 
toxicity, and that by allowing the de- 
_ generative vitreous to tug on the ret- 
_ ina, light damage to the vitreous in an 
_aphakic eye may promote rhegmatog- 

enous retinal detachments. 
Part 3 offers steps to reduce UV 
: damage to the eye through the use of 
` UV-absorbing intraocular lenses and 
sunglasses. The reader is provided 
-with practical information on the light 
absorption characteristics of various 
~ types of sunglasses. 
~The final section of the book consists 
of a comprehensive review of the 
. mechanisms of photosensitizing drugs 
on ocular tissues. The hazards of UV 
and infrared light emitted by indirect 
_ ophthalmoscopes and operating mi- 
_eroscopes are raised, and the use of 
appropriate filters to protect the eyes 
vig. suggested. 
-All in all, this monograph is quite 
i readable anda valuable addition to the 
library. of anyone interested in the 
subject of light. damage to the eye. 
PETER L. Lou, MD 
Boston, Mass 
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Diagnosis and Management in Vi- _ 
sion Care, 


edited by John F. Amos, 729 
pp with illus, Stoneham, Mass, Butter- 
worths, 1987, $90. 


I have read and reread Diagnosis 
and Management in Vision Care, ed- 
ited by John F. Amos, OD, with great 
interest. It has 20 contributing optom- 
etric authors who, in their disserta- 
tions, expound on subjects such as the 
measurement of blood pressure in each 
arm, auscultation for carotid bruit, 
and monitoring of retinal tears. 

In the forward Irving Borish, OD, 
puts into perspective the scope and in- 
tent of this book: “Emphasis has re- 
cently shifted to the importance of 
clinical diagnosis and management of 
visual problems. The developing role of 
the optometrist is that of analyst, 
diagnostician, problem solver, man- 
ager, and counselor.” 





. this misinformation could 
have serious consequences for pa- 
tient care.” 





In the treatment of migraine head- 
aches, Thomas Stelmack, OD, advises 
the optometrist that “... treatment of 
the acute attack after a definitive di- 
agnosis has been made requires the 
clinician optometrist to consider the 
severity of the attack and whether to 
treat each attack or to initiate prophy- 
laxis.” He goes on to describe treat- 
ment with ergots, serotonin effecting 
agents, antidepressants, 6-blockers, 
adrenergic agonists, calcium antago- 
nists, and anticonvulsants. 

In the management of aphakia and 
pseudoaphakia, Larry J. Alexander, 
OD, states, “The clinician must also be 
adept at diagnosing and managing 
postsurgical complications.” In Dr Al- 
exander’s description of “immediate 
postoperative care,” his differential 
diagnosis of pain omits infection as a 
consideration. He states that 
‘“... postoperative pain may indicate 
corneal abrasion, glaucoma, or in- 
traorbital or intraocular hemor- 
rhage.” This type of omission causes 
me to consider that this misinforma- 
tion could have serious consequences 
for patient care. 

I found the section of the book writ- 
ten by Leo P. Semes, OD, most infor- 
mative and helpful. Dr Semes advises 
that it is a difficult task to arrive at a 
correct prescription for a patient by 
means of a series of subjective tests 
that may have errors that are hard for 
the clinician to perceive. Dr Semes, 
however, may have oversimplified the 


problem of UV protection when he ad- 





da that 360-nm protection adequate : 


for skiers and aviators. Perhaps the | 
reader should have also been referred 
to the controversial work of M. A. 
Mainster and others (In: L’Esperance © 
FA Jr, ed. Ophthalmic Lasers. St Louis, 
Mo: CV Mosby Co; 1989:61-77.) suggest- 
ing that 360 nm is not adequate pro- 
tection. Furthermore, John F. Amos, 
OD, advises initial amblyopia therapy 
for the child older than 1 year (“direct 
occlusion for 2 hours every evening 
with 30 minutes spent in detailed tasks 
if patient is binocular”). This is taken 
from a 1957 orthoptic journal and 
seems to disregard more recent data on 
the importance of intensive patching 
therapy for amblyopia. 
Ophthalmologists should be aware 
of Diagnosis and Management in Vi- 
sion Care. They should be familiar 
with the information, misinformation, 
and direction being given to their op- 
tometric colleagues. Armed with this 
knowledge, they may be able to look for 
ways to supervise, educate, and evalu- 
ate optometric input into their prac- 
tices or educational milieu. 
ARTHUR I. GELTZER, MD 
Providence, RI 


intercapsular Cataract Extraction: 
Current Developments in IOL Implan- 
tation and Design, edited by E. Rosen 
and I. Kalb, 135 pp with illus, Elmsford, 
NY, Pergamon Press, 1988, $85. 


Intercapsular Cataract Extraction 
is a text taken from the proceedings of 
the seventh International Symposium 
on Anterior Segment Microsurgery, 
which took place in Hong Kong in 1987. 
It is a multiauthored text, each chap- 
ter detailing a talk presented at the 
symposium. The contributors have 
each had extensive experience with the 
intercapsular technique of cataract ex- 
traction, also known as the endocap- 
sular or envelope technique. 


“The contributors have each had 
extensive experience with the in- 
tercapsular technique... 


With the development of new in- 
traocular lens designs and more so- 
phisticated techniques of lens implan- 
tation, concern about the anatomic lo- 
cation of lens placement and adverse 
optical, physiological effects of lens 
decentration has grown. In this light, 
the intercapsular technique has slowly 
gained in popularity as a method to 
ensure capsular fixation of the intraoc- 
ular lens, and also, theoretically, to af- 
ford greater intraoperative contro! 


Book Reviews 





and protection ef the corneal endothe- 
~~ lum. Several of the text’s chapters de- 
> . tail the participant’s particular inter- 
« . capsular protocol. They also discuss 
. the parperted advantages of the tech- 
nique. Other chapters deal with the 
< ° potential future of intraocular lens 
o design, g-ven saccess with the inter- 
> capsular :echaique. These include the 
- Galand dise-style lens as well as in- 
jectable polymers, The chapters are 
variably Ulostrated with photographs 
and drawings. The full-color illustra- 
tions are excellent and elucidate the 
written surgiea. descriptions. 

The bosk suffers from the typical 
problems ef a multiauthored text. 
Many of -he ehapters are redundant, 
while others seem to be misplaced. In 

. addition, there are numerous typo- 
< graphical errers, and some problems 
dm the translation. 

his is certamly a useful text for 
- these interested in an introduction to 
the mteseapsuiar technique. Since 
_ there is, ss yet, ttle literature on this 
-methed, this beok represents a good 
start for chose interested in learning 
< possible variations as well as the ra- 
-< tionale fer this style of cataract sur- 
. gery. Thetext-cencludes with a round- 
table discassior between the partici- 
. . pants ir the symposium. Here, 
x  particular.y, there is some difficulty in 
t T translation However, numerous 
pomts are brought up by these experts 
that could eertainly be of value to the 

aspiring intereapsular surgeon. 
PETER HERSH, MD 

Boston, Mass 













































The Glessary of Optical Terminol- 
ogy, by Thomas K. Farrell, 138 pp, New 
York, NY, Fairchild Publications, 1986, 

moe Th e Glessary ef Optical Terminology 
by Thomas K. Farrell is written by an 
| =e for opticians. Although it 








aoe b , ee is weighted toward 
the terms reievant to optometrists 








Eo .it all depends on their 
- frame.” 





4 “Astigmatism” has 

z 2: nee, ei two pages; “bi- 
fecal” has § entries, some illustrated, 
Sale clans ve pages; and P 


Eo page. 
: ean the book’s strength is 
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terials and styles as well as the instru- 
ments used to make and measure 
lenses are described and compared in 
detail. Historical information and 
brand names are included. For exam- 
ple: 

Bifocal, Modern “Straight Across” 
Types: This group of lenses includes such 
brand names as American Optical Com- 
pany’s “Executive,” Bausch and Lomb’s 
“Dualens,”...They occupy an important 
position in the multifocal world. 

Punktal lens: A lens patented in 1911 de- 
signed to eliminate marginal astigmatism 
at infinity. It has been succeeded by lenses 
such as Kurova, Masterpiece, Orthogon, 
Tillyer, and the like. 


This reference includes straightfor- 
ward diagrams of optical principles 
and lens designs. The photographs of 
commonly used instruments are an- 
other nice feature of this book. 

The book is deficient in the medical 
area. Although there is adequate cov- 
erage of ophthalmologic terminology 
for a reference not written for physi- 
cians, the content of some of these en- 
tries is imprecise, incorrect, or di- 
rected only to optometric issues. For 
example: 


Amblyopia: 1. Dimness of vision due to 
any cause. 2. The blurred vision in amblyo- 
pia exists even [sic] the presence of a cor- 
rective lens. 

Chalazion: Infection and enlargement of 
the meibomian gland. Often appears at the 
margin of the upper eyelid. Sometimes 
painful. There is some indication that they 
may be at least aggravated by errors of re- 
fraction. 


This book would be more useful if it 
contained more abbreviations and ac- 
ronyms. “Polymethylmethacrylate” is 
entered only in long form. There is 
neither mention of nor an entry for 
PMMA, which is now part of the ver- 
nacular. The book could be improved 
by the scrutiny of a more rigorous ed- 
itor. The structure of the entries is in- 
consistent, and there are numerous 
grammatical errors. Another quirk of 
the book is the redundant inclusion of 
an index. 

Insummary, The Glossary of Optical 
Terminology serves a need not met by 
either general or medical dictionaries. 
Because of its comprehensive coverage 
of terminology related to spectacles 
and contact lenses, this glossary, de- 
spite its deficiencies, is likely to be a 
useful reference for opticians, and for 
those optometrists and ophthalmolo- 
gists who dispense lenses. Happily for 
me and the readers, the author man- 
aged to infuse some humor into this 
optical glossary. “Zoopsia: The delu- 
sion of seeing animals,” earned an en- 
try, as did this gem (surely the au- 


thor’s favorite joke; in e field ote opti- a 
cianry): 


Parker, Dorothy: ' The lady LOW. 
credited the oa aen that “Guys 
make passes at gais who wear glas 
every reasonably diligent observer i is fu 
aware, however, it ail depends on their 
frame. 









DEBORAH Jacops, MD 
Boston, Mass 


Cataract Surgery: Perspectives — 
From Ophthalmic Surgery, by George = 
W. Weinstein and George L. Spaeth, 131 = 
pp, Thorofare, Nu, Slack Inc, 1987, $35. 

Cataract Sx rgery: Perspectives 
From Ophthalmic Surgery is an un- = 
usual soft-covered text written by 
George W. Weinstein and George L. 
Spaeth, the editers ef Ophthalmic: Sur- 
gery. They review the changes in cata- 
ract surgery during the past 15 years 
by providing suramaries of 325 articles 
from the journa! that they have edited. 
Their goal is not so much to present a 
review of history as it is an attempt to 
demonstrate that many decisions are 
made by surgeons on the basis of 
poorly conceivec studies and misinter- 
pretations based on inadequate data. 
They also bring attention tothe many. 
opportunities to acquire valuable 
knowledge that have been missed be- — - 
cause of poorly designed clinical r re- Ps 
search. 








We ar doen a aa =e 
porarily irrefutable.’ ” a 





Throughout tae text, summaries of > 
articles that presented “advances” in 
modern cataract surgery are recalled, © ~ 
and the errors m study design or in- 
terpretation are noted. Undoubtedly, 
this is easier to-do in retrospect, but `- 
the authors continually point out how ~- 
often basic deviations from good sci- oo 
entific design occurred. While misin- 
terpretations are documented, the au- 
thors of the book do not find fault with == 
the intentions of these who wrote the 
articles. They do: however, bemoanthe 
fact that so few cphthalmologists have > 
the knowledge to design an adequate 
clinical study to ensure that the results 
will have scientific validity. 

This text shouid be read by everyone 
performing cataract surgery today. 

Not only is it a eomprehensive review 

of the development ef cataract surgery 

and lens implantation as we know it 
today, but, more importantly, it will = 
assist present-day surgeons in better 
assessing and interpreting what they o 
are doing. oe 

As one reads the text and reflectson _ 
personal experieace in performingcat- ~ 
aract surgery and lens implantation— oe 
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thors: “mention of a comment. by 

-Nietzche is most appropriate: “Truth 
is an error that is temporarily irrefut- 
able.” 










































ELLIOT FINKELSTEIN, MD 
Brookline, Mass 


- Eye Lid Tumors: Clinical Diagnosis 
and. Surgical Treatment, by Jay Justin 
Older, 133 pp with illus, New York, NY, 
“Raven Press, 1987, $78.50. 


Jay Justin Older has published a 
“beautifully illustrated text and atlas 
-on eyelid tumors. The most striking 
feature of this work is the outstanding 
olor plates depicting various presen- 
tations of eyelid tumors that Dr Older 
-collected in ‘his private practice during 
-the past 15 years. The full-color photo- 
raphs. represent common eyelid tu- 
yrs. He has graphically demon- 
trated the different appearances of 
hese. a as they present to the 
n. Descriptions of the lesions 
EN the photographs are 
cellent and contain many clinical 
pearls for all ophthalmologists. 


$ "outstanding color plates 
ae collected i in his private practice 
: during the past 15 years.’ 





The second portion of the text covers 
e treatment of eyelid tumors. This 
tlas demonstrates surgical tech- 
liques useful for reconstructing eye- 
ids following removal of eyelid malig- 
nancies. The descriptions of the surgi- 
-cal procedures are clear, and, again, 
-important points on surgical tech- 
-niques are effectively presented. 
-This book provides a current and 
omprehensive depiction of eyelid tu- 
rs and describes some very useful 
tic surgery techniques for recon- 
ction following tumor resection. 
text will be of interest to ophthal- 
logy ‘residents, practicing ophthal- 
jlogists, general plastic surgeons, 
ngologists, surgical dermatolo- 
ists, and other surgeons operating on 
jatients with eyelid malignant neo- 
isms. I have added this textbook to 
my library and recommend it to eye 
esidenta ‘who work with me. 
‘JOHN W. SHORE, MD 
< Boston, Mass- 
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Stereoscopic Atlas of Macular Dis- 
eases: Diagnosis and Treatment, ed 3, 
vois 1 and 2, by Don Gass, 801 pp, with 
illus, St Louis, Mo, CV Mosby Co, 1987, 
$245. 


. will someday be considered 


as one of the classic ophthalmology 


works of our time.” 


Ophthaimology Annual 1988, edited 
by Robert Reinecke, 256 pp, New York, 
NY, Raven Press, 1988, $73. 


“<... any chapter makes a pleas- 
+ 3% 


ant evening’s reading. 


Pathology of the Eye, by G. O. H. 
Naumann, translated by D. J. Appie, 998 
pp, with illus, New York, NY, Springer- 
Verlag NY Inc, 1986, $235. 

.a worthy successor to the 


three-volume work of Henke and 
Lubarsch ...” 


The New Medical Marketplace: A 
Physician’s Guide to the Health Care 
Revolution, by Anne Stolne and 
Jonathan P. Weiner, 210 pp, Baltimore, 
Md, The Johns Hopkins University Press, 
1988, $12.95. 

“Physicians... have yet to 
grasp the issues from the consum- 
ers’ and payers’ perspectives...” 

Textbook of Ophthalmic Plastic 
and Reconstructive Surgery, by Roger 
Kohn, 344 pp, with 364 illus, Philadelphia, 
Pa, Lea & Febiger, 1988, $95. 

.an excellent sequel to the 
first edition . 

Diagnostic Picture Tests in Oph- 
thaimology, by M. Ruben and S. Ruben, 
128 pp, with 200 illus, Chicago, Ill, Year 


Book Medical Publishers Inc, 1987, $17. 


. will challenge not only med- 
ical students but also ophthalmol- 
ogy residents, fellows, and practic- 
ing ophthalmologists.” 


Laser Photocoagulation of Retinal 
Diseases, edited by K. A. Gitter, H. 
Schatz, L. A. Yannuzzi, et al, 281 pp, with 
illus, San Francisco, Calif, Pacific Medical 
Press, 1988, $65. 


. the most up-to-date book on 
retinal photocoagulation.” 


i Can See! Can Surgery Get Rid of 
Your Glasses? by J. Luther Crabb, 190 


pp, 30 illus, Memphis, Tenn, Peachtree 
Publishers Ltd, 1988, $9.95. 


“If the Prospective Evaluation 


of Radial Keratotomy Study had 
produced results equal to those of _ 
. I suspect radial kera- i 


ot ink conbribudions 4 to aie ophtiabivée ie -to on 
o literature. They are arranged in the 
| order that the reviews appeared. 









common procedure i in the Waited 
States today. a A a 
Vitreous Microsurgery, ed 2, “by oy 


Steve Charles, 235 op, with illus, Balti- os 
more, Md, William & Wilkins, 1987, $52.95. 


“Dr Charles’ engineering 
background elegantly comes 
through. 


Uveitis: Fundamentals and Clinical 
Practice, by Robert B. Nussenbiatt and 
Alan G. Palestine, 432 pp, with 219 illus, 
Chicago, lil, Year Book Medical Publish- 
ers Inc, 1988, $48. 


“The careful organization of 
chapters and avoidance of repeti- 
tion are merits of this work.” 


Retinal Diseases: Biomedical Foun- 
dations and Clinical Management, edit- 
edby Mark Tso, 480 pp, with 288 illus, Phil- 
adelphia, Pa, JB Lippincott, 1988, $65. 


.written for ophthalmolo- 
gists who are interested in the ba- 
sic biomedical information...” 


Advances in Neurology, voi 49: Fa- 
cial Dyskinesias, ecited by Joseph Jan- 
kovic and Eduardo Tolusa, 538 pp, New 
York, NY, Raven Press, 1988, $97. 


. provides a useful reference 
source for the neuro-ophthalmo- 
logist or the oculoplastie sur- 
geon...” 


Advances in Ophthalmic Plastic 
and Reconstructive Surgery, edited by 
Stephen L. Bosniak and Byron C. Smith, 
vols 6 and 7, Orbital Trauma, parts | and 
ll, 770 pp, with illus, Elmsford, NY, Perga- 
mon Press inc, 1987, $91 per volume. 


“The material eontained herein 
has not... been accessible in a sin- 
gle source . 


The Merck Manual of Diagnosis and 
Therapy, 15th ed, edited by Robert 
Berkow and Andrew J. Fletcher, 2695 pp, 
Rahway, NJ, Merck Sharp & Dohme Re- 
search Laboratories, Division of Merck 
and Co Inc, 1987, $21.50 


. the key to the book’s value is 
its avoidance of trivia, rare phe- 
nomena, and ‘weasel words.’ ” 


Reviews in Neurclogy and Ophthal- 
mology, edited by J. T. W. Van Dalen, 
265 pp, with illus, Amsterdam, Holland, 
Aeolus Press, 1987, $55. 

Highlights in Neuro-Ophthaimol- 
ogy, edited by S. Ishikawa, 150 pp, with - 
illus, Amsterdam, Holland, Aeolus Press, 
ee $49. 


collections of articles from « 
the international community of 
| neuro-ophthalmology.” 


‘Book Reviews 






















Hens, 


e and Cataract Surgery 








+ have a 66-year-old patient with dry eye and advanced 
‘wa cataract. What precautions should be taken at the time of 
c aract surgery?” 


Ia patients with diminished tear secretion, the epi- 
- 4% thelium is quite fragile. Prevention of epithelial de- 
Be -feets before, during, and after the procedure is most im- 
portant as they may be difficult to heal. Diabetics have an 
abnormal basement membrane and very fragile epithelium, 
specially w nen gontrol of blood sugar is suboptimal. For 
hat. reason : sone should be as hoe as possible prior to 











ar ed activ tion a the ee and the poor visual results 
hat may follow surgery. 
oo In most patients, keratitis sicca can be managed satis- 
| Taetorily. During the surgical preparation, topical anes- 
thetics should be:avoided and care should be taken to pre- 
© vent epithelial trauma. Be sure the lid is completely closed 
_ prior to the application of an orbital compression device. 
_ During the operation, frequent irrigation will maintain the 
integrity of the eorneal epithelium. After the implant is 
„inserted and.during suturing of the corneoscleral i incision, 
acorneal shield and/or several drops of viscoelastic mate- 
rial may be applied to prevent drying. (Earlier use of vis- 
oclastic material may hinder visualization of the proce- 
dure.) During the procedure, punctal plugs of silicone or 
collagen may be used. If plugs are not available in the 
operating roem, 4-0 collagen or catgut suture may be al- 
lowed te partially dry out, become stiff, and then be inserted 
into the canaliculi. In patients with severe dry eyes, punctal 
ecc.usion as well as a temporary tarsorrhaphy may be ex- 
tremely useful in preserving the integrity of the epithelium. 
‘Tarsorrhaphy is especially recommended in patients with 
herpes zoster andsother forms of neurotrophic corneal dis- 
ease. 














STEPHEN WALTMAN, MD 
St Louis, Mo 
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The rapid and complex advances in ophthalmic science make it difficult for us all to keep up with theaany 
changes thai are occurring in our specialty. The ARCHIVES solicits your questions and requests that they be 
clearly stated and reasonably focused. We cannot expect our consultants to respond to questions that axe too 
wale ranging and not clear ly defined, Please limit your questions to five or six double-spaced lines ana fol- 
low the guidelines put forth in our “Instructions for Authors” (readily found in any even-numbered issue - 
of the ARCHIVES). A signed copyright transmittal letter to the AMA should accompany all submissions, We 
hawe asked our consultants to limit their answers to 35 lines. Questions should be sent to Stewart M, ¥ o} 
MD, 11 E Chase St, Baltimore, MD 21202. We will do our best to provide answers to all appropriate aues- 
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Failed Filtering Operations 

A monocular, pseudophakic (posterior chamber intrao 
Q lens) patient with advanced glaucema:ous damage ailec 
to be aided by a trabeculectomy, despite flucrouracil j injec! jane. : 
Where do we go from here? a 























Conventional filtration surgery is regarded: as sihepes 

A cedure of choice for most types of glaucoma, 
filtration operation with fluorouracil hae failed, 
the chances of subsequently performing a functional 
tration operation are low. Further surgical possibiliti J; 
clude the placement of a seton, a laser ci ioablative. pros 
dure, and high-intensity ultrasound. 

The seton operations all involve a tube extending from the 
anterior chamber to a reservoir placed posteriorly on the 
sclera. The chief drawbacks of setons are the presence of a 
foreign body in the eye, the frequent ocearrence of severe 
hypotony in the immediate postoperative period, an 
riod of markedly elevated intraocular pressure several 
weeks later. Cyclocryotherapy has been the mainstay 
cilioablative procedures but can be pain“ul and re 
phthisis.' The thermal mode YAG laser, doth cont 
noncontact, is being used transconjunctivally and m 
duce the discomfort and hypotony.? Vitreetomy with end 
laser treatment of the ciliary processes <llows. caref 
tration of the amount of treatment but requires intraocu: 
surgery and is not possible in phakic eyes? High-intensit 
focused ultrasound is yet another treatmert modality v un 1¢ 
investigation.‘ — 

Unfortunately, there is no direct way to compare 
various cilioablative procedures. The best advice is 
choose a surgeon you trust who is competeat in one of these 
modalities, and who will be able to provide adequate coun- 
seling and postoperative care. l 























HENRY Jamra, MD x 
Bakimore, Md ig 


1. Caprioli J, Strang SL, Spaeth GL, Poryzees EH. Cycloeryotherapy in the we 
treatment of advanced glaucoma. Ophthalmology: 198;92:947-95 

2. Klapper RM, Wandel T, Donnenfeld E, Perry HES Transscl 1eody 
mium: YAG thermal cyclophotocoagulation. in. reftactory glaucoma: 
preliminary report. Ophthalmology. 1988;95:719-722. eee 

3. Zarbin MA, Michels RG, de Bustros S, Quig ley He, Patel A. 
treatment of the ciliary body for severe glau TLE. 
1988;95:1639-1648. ; 

4. Maskin SL, Mandell Al, Smith JA, Wood RC, T 
trasound for refractory glaucoma: a three-center stu 
1989;20:186-192. f 






















= Richard L. Andersen, MD, Receives 
Heed Award.— Richard L. Anderson, MD 
(board member), received the Heed 

„Award at the 1989 American Academy 
of Ophthalmology Meeting in New Or- 
Jeans, La. The award was presented by 
‘rank Newell, MD, chairman of the 
oard of directors of the Heed Oph- 
halmic Foundation. Dr Anderson is a 
„professor of ophthalmology, chief of 


Obituaries 


ANDERSON, Elbert C., 78, Wilming- 
ton, NC; Northwestern University 
Medical School, 1937; residency, Wills 
Eye. Hospital, 1945; certified by the 
American Board of Ophthalmology; 
lied November 26, 1989. 








AER, Alvin Julius, 91, Shawnee Mis- 
ion, Kan; University of Michigan 
Medical School, 1923; certified by the 

ierican Board of Ophthalmology; 
ied October 8, 1989. 


c HULAPATRCHEEVIN, B., 44, Santa 
Ana, Calif; Chulalongkorn University, 
Facility” of Medicine, Bangkok, Thai- 
land, 1970; residency, Homer G. Phil- 


© lips Hospital, 1976; died January 19, 


1989. 


~DOSADO, Elpidio Bacayo, 80, Laurel, 
Del; University of the Philippines Col- 
lege of Medicine, 1937; residency, 
Voodlawn Hospital, 1952, Harper- 
ar race Hospitals, 1954; died September 


the Ophthalmic Plastic and Recon- 
structive Surgery Division of the de- 
partment of Ophthalmology at the 
University of Utah, School Medicine, 
Salt Lake City and an Archives of 
Ophthalmology editorial board mem- 
ber. 


The Louisville (Ky) Academy of Oph- 
thalmology Election Results.— Members 


FISHER, Lawrence C., 79, York, Pa; 
University of Pennsylvania School of 
Medicine, 1935; certified by the Amer- 
ican Board of Ophthalmology; died 
January 2, 1990. 


JANZEN, William Roy, 44, Knoxville, 
Tenn; University of Ilinois College of 
Medicine, 1971; certified by the Amer- 
ican Board of Ophthalmology; resi- 
dency, University of Illinois Hospital- 
Taylor Unit, 1975; died December 25, 
1989. 


KELLY, Vincent J., 77, Franklin, Wis; 
Loyola University of Chicago, Striteh 
School of Medicine, 1937; certified by 
the American Board of Ophthalmol- 
ogy; residency, University Hospitals, 
1940; died December 12, 1989. 


KLEINHANDLER, William Wolfgang, 
62, Schenectady, NY; Tufts University 
School of Medicine, 1954; residency, 
Manhattan Eye, Ear, and Throat Hos- 
pital, 1958; certified by the American 
Board of Ophthalmology; died Septem- 
ber 7, 1989. 


CORRECTION 


of the Louisville Academy of Ophthal-. see 


mology have elected the following new 
officers for 1990: Charles F. Mahl, MD, 


president; Catherine Newton, MD, pres- 
ident elect; and Richard A. Eiferman, 
MD, secretary-treasurer. 


KOHN, Joseph J., 79, Trenton, NJ; Uni- 
versity of Michigan Medical School, 
1945; certified by the American Board 
of Ophthalmology; died November 20, 
1989, 


MC COY, Cullen M., 88, Norfolk, Va; 
Tulane University School of Medicine, 
1927; died October 7, 1989. 


MILLER, David H., 77, Cumberland, © 
Md; University of Pittsburgh School of 
Medicine; residency, Hospitals Uni- 
versity Health Center of Pittsburgh, 
1954; certified by the American Board 
of Ophthalmology: died February 22, 
1989. 


PARKER, Daryl McCoid, 85, Green- 
ville, Ohio; Northwestern University 
Medical School, 1933; died November 
17, 1989. 


Shope, E. Pierce L., 93, Haddonfield, NJ; 
The Johns Hopkins University School 


of Medicine, 1920; certified by the g 


American Board of Ophthalmology; 
died November 5, 1989. 


Reversed Figures. = the letter to the editor by Manor entitled “Will We Master the 


< Humphrey Perimeter or Will the Humphrey Perimeter Master Us?” published i in the No- 
ember 19 of the: ARCHIVES (1989;107:1565-1566), Pigs L and 2 2 were eae la ‘The 
weve er, were labeled correctly. 
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No surgery is more important 
4 than your next one. 
We know; we’ve been there 25 million times. 








There are 25 million 
reasons to choose BSS® 
Balanced Salt Solution 
from Alcon. Peace of mind 
is one of them. 





For more than a quarter- 
eh “sty century, ophthalmic 
h FEL) surgeons have acclaimed 
-—,4°%  BSS15mLastheworld’s 
most highly trusted, small 
volume, regular balanced 
i: eee Bae a) See -= salt solution. In fact, over 25 
ee eet A million bottles have been 
Sia a, Nae E aN  SOld in this country alone, 
without a single product 
_, recall. Today BSS 15mL 
| <4 enjoys the distinction of 
|g having been safely used in 
“a more ophthalmic surgical 
procedures than any other 
single product. 


ost 
one SS 


’ - ~— 
, i 


ieee 
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And now, BSS comes in new 
state-of-the-art DROP- 
TAINER® 15mL and 30mL 
bottles. Terminally sterilized, 
they combine exceptional 
Sy. Safety with excellent clarity 

Z — se... and light touch squeezability. 


<=. Forallthese reasons, 
= shouldn't BSS be with you 
~ during your next surgery? 
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i pg eS Alcon Surgical, Inc. 
itt > PE G 6201 South Freeway 
os Fort Worth, TX 76134-2099 
ot. ss 817/293-0450 
EA ANE TO ORDER: 
aes MT aRar 1-800-TO-ALCON 
E geet | (1-800-862-5266) 
































BSS 


(BALANCED SALT SOLUTION, ALCON *) 





D SCRIPTION: BSS* is a stenle physiological balanced salt solu- 
roig dium Chloride iNaCh, Potassium Ct bale ties Calcium 
{Cali 2H,0), M agnes jum Chioride { MgCl; GHQ), So- 
HaNaOs3H-O), and Sodi ium Cirate Di sydrate 
SS i ig isotonic to the tissues of the eyes. risa 
aining essential ions for normal cell metabo- 
ion contains Sodium Chioride 0.64%. Potassium 
GOTE 2salcium Chionde 0.048%, Magnesium Chioride 
Sadium Acetate 0.39%. Sodium Citrate 0.17%, Sodium 
Kids ands ‘or Hydrochlo ne Acid (to adjust pH}, and u tor 
: DM-02 


HAI RMACOLOGY: A Sa aes ic as accu 
















the eyes. ears nose, and/or tion 


if blister or paper backing is damaged or broken, 
ne Toh bottle cannot be assured. Open under 






tip So be firm! yin Pan irrigating needle should be 
o squeeze out several drops before inserting into 
chamber. The needle should be removed tram the antenor 
r to releasing pressure to prevent suction. 

mon of any medication to BSS may result in damage to 
ti ue. aude suggest that intraocular irrigating solu: 





nin qiabevie patients dedo ng vitrectomy since 
aleng changes have ott observed. 7 

been reports of corneal clouding or edema following 
gery“ in which BSS was used asan Aoh soluti on. Asi in 




















igation or any athe: trauma may al in aa. a 
stoperative inflammatory reactions as well as incidents of 
lL edema and corneal decompensation have been reported, 
hal to the use of Po a not n a a 


needle 16 the OROP. TAINER® Bote as “explained Belew 
í irrigation may be done without the migating needle. 
dof using Adapter Plug for LUER-LOK® Hub Ophthalmic 
i Needle: - 
cally remove DROP. TAINER® bottle from blister by peeling 
backing. 
apon. surgeon's sterile irrigation needle, Push until firmly in 
aand twist shahtly. 
assembly for proper function before use. 
THER LOK is a registered trademark of Becton, Dickinson 
snd perc iy. 










patie’. 
15 mL NDC 0065-0795-15 
30 mL NDC 0065-0795-30 


oe AN c onway, B. P, Machemer, R., Surgical Complica- 
t Pars Plana Vitreous Surgery, Ophthalmology 5: 


ang, M. H. and Abrams, G. W., Prevention of Lens 
fication During Diabetic Vitrectomy. Qphthaimology St: 









It wastes them away. 

Duchenne is a “progressive” 
disease, so the child grows 
weaker over time. The muscle 
loss can’t be stopped. And it 
can’t be reversed. 

The Muscular Dystrophy 
Association is striving to cure 
Duchenne. And on Christmas 
Eve of 1987, in what MDA 
Chairman Jerry Lewis called 

“a holiday gift of hope,” MDA 
researchers announced a land- 
mark advance: discovery of the 
cause of this dread disease. 

Now we're directly on the 
path to a cure for Duchenne. 
And MDA researchers are 
racing against time to save the 
children stricken today. 

You can help save these 
children — and youngsters 
and adults with other muscle 
diseases — by making a tax- 
deductible contribution to 
MDA. The Association receives 
no government grants or 
patient fees for services, so its 

work is funded entirely by 
private donations. 

Please send your support 
to MDA today. And maybe 
soon we'll see Duchenne, not 
muscles, disappear. 


Muscular Dystrophy Association 
Jerry Lewis, National Chairman 


Te. make: a donation or bequest to ME AA, 





Co heereceitiean a portor te obtein 








Management 
Resources at 
Your 
Fingertips 





Today, the challenge for physicians and 

-. heath care institutions to maintain and 

= improve the qualty of care is greater than 
ever, The changiag environment of medicine 


wicreasingly demanes innovative responses 


T O 8 


¿o -from the profession. And, increasingly, 
- physicians andamstiuutions are responding. 














The Compendiwr of Patient Safety and 
Medical Risk Management Programs is a 
managementresaurces available from the 

© AMA Specialty Society Medical Liability 

-C Prokeet, the American Medical Association, 

“the Council of Medical Specialty Societies, 

Ae Physicians insurers Association of 

Americas: national medical specialty 
Hons ame stete medical associations. 












Featuring 
Capsule 
Program 
Descriptions 
and 
Complete 
index 


| This is aone-ol-a-kind compilation, a 

umguely comprehensive guide to such 

rescurces as: 

Guidelines and policy statements © Committee 

diask foree activities + Courses and seminars 

elf-assessment programs + Data banks» 

Co Research projects- Publications, from manuals 

: l a x books to newsletters and pamphlets + 
Clearingisouses. resource centers, 
bibliographies - V deetapes, audiotapes, slide 
programs x 


Purchase Indedes Periodic Updates 
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_ Fer more Information 








aa enan AA iene Ni A tithe AAE n m 





(prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base) 1 oe 

















Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: Pred-G suspension is ineicatad for steroid. 
responsive inflammatory ocular conditions for which aeorticosteroid— 
is indicated and where superficial bacterial ocular snfection or a risk. 
of bacterial ocular infection exists. Ocular steroids ere indicated in in- | 
flammatory conditions of the palpebral and bulbar conjunctiva, cor- | 

nea, and anterior segment of the globe where the inherentrisk of steroid | = 

use in Certain infective conjunctivitises is accepted to obtain adiminu- | — 

tion in edema and inflammation. They are also ineicated in chronic. | 
anterior uveitis and corneal injury from chemical, raeiaticn, or thermal. | 

burns or penetration of foreign bodies. The use of a combination drug | a 
with an anti-infective component is indicated where tha risk of superficial | a 
ocular infection is high or where there is an expectatn that potentially | ee 
dangerous numbers of bacteria will be present in the aye. The particular | = > 
anti-infective drug in this product is active against tae following com- | T 
mon bacterial eye pathogens: coagulase-positive and coagulase-negative | = 
Staphylococci, including Staphylococcus aureus, and certain strains | 
that are resistant to penicillin; Group A beta-hemolytc ard non-hemo- | 
lytic streptococci, and sae deere heumoniae;Escherichiacoli; | 
Hemophilus influenzae; Klebsiella/Enterobacter scecies; Neisseria | mat 
species, including Neisseria gonorrhorea; Pseudomonas aeruginosa; | = 
indole-positive and indole-negative Proteus speces: and Serratia 
marcescens. CONTRAINDICATIONS: Epithelial herpes simplex keratitis 
(dendritic keratitis), vaccinia, varicella, and many other viral diseases 
of the cornea and conjunctiva. Mycobacterial infectior of the eye. Funga 
diseases of the ocular structures. Hypersensitivity to a component of 
the medication. (Hypersensitivity to the antibiotic camponent occurs 
at a higher rate than for other components.) Pred-G suspensionis always 
contraindicated after uncomplicated removal of a corea! foreign body. 
WARNINGS: Prolonged use may result in glaucome, with damage to f- 
the optic nerve, defects in visual acuity and fields-of wsion, and in | 
posterior subcapsular cataract formation. Prolonged aser ay suppress | 
the host response and thus increase the hazard of secondary ocular: 
infections. In those diseases causing thinning of thecormea or sclera, 
perforations have been known to occur with the use cf torical steroids. | 
In acute purulent conditions of the eye, steroids mzy mask infection | 
or enhance existing infection. If these products arevused for 10 days Foo o 
or longer, intraocular pressure should be routinely mon tored even though | 
it may be difficult in children and uncooperative patients: Employment f -= =; 
of a steroid medication in the treatment of patients with a history of Dee 
herpes simplex requires great caution. Pred-G is contraindicated in | oe 
patients with active herpes simplex keratitis. Pred-G Liquifilm sterile p o 
ophthalmic suspension is not for injection. It shouldinever be injected: es 
subconjunctivally, nor should it be directly introduced inte the anterior |} 
chamber of the eye. PRECAUTIONS: The initial prescrz tion and renewal jo. 
of the medication order beyond 20 milliliters should be made by a physi po 
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€ ALLERGAN PHARMACEUTICALS 
Allergan Pharmaceuticals, A Division of Allergan, Inc. 
irvine, California 92713 ©1990 Allergan, Inc. 








Old habits are hard to break. But why keep using Maxitrol,; when theres clearly another choice? 
One that offers the time-tested inflammatory control of prednisolone acetate 1%. Plus the broad-spectrum 


antibacterial coverage of gentamicin. 
So if you want the potency of prednisolone acetate in your combination therapy, just say yes to Pred-G. 


Pred-G (prednisolone acetate 1%, gentamicin sulfate 3 mg/mL base] 


© f ® : j ‘ 
Liquifilm’ sterile ophthalmic suspension 
See reverse side for brief prescribing information. © ALLERGAN PHARMACEUTICALS 
A Division of Allergan, Inc., Irvine, CA 92713 © 1990 Allergan, Inc. 


Maxitrol® is a registered trademark of Alcon Laboratories, Inc. 
Pred-G suspension is not for injection. It should never be injected subconjunctivally, nor should it be directly introduced into the anterior chamber of the eye. 





I act PPOs 















rhe high prefile of cataract surgery continues to 
make it a prime target for fee cuts and reimburse- 
vent initiatives by the Health Care Financing Ad- 
ministration (HCFA) Congress has made it clear 





help ak the federal deficit, and because HCFA 
is now reimbursing for more than 1 million cataract 
surgeries a year, accounting for 12% of all Medicare 
payments, it has become the subject of much atten- 
tion. 
=< While it is commonly called the “Cataract PPO” 

_ projeet, the Office of Research and Demonstrations of 
HCFA is actually developing an “Alternative Cata- 
t Surgery Payment Demonstration Project” with 
elp from Abt Associates, Cambridge, Mass. HCFA 
ensiders this an experiment in how “bundling” will 
ffect availability, efficiency, and quality, as well as 
 priee. While still being designed, the project will des- 

- ignate three geographic areas (probably urban) from 
— . which bids-will be solicited from providers willing to 
.. give a disceunt on a “bundle of services.” 

The services included in the bundle are still to be 
determinec, but HCFA and Abt Associates received 
recommeneations from a technical advisory panel in 
November 1989. The bundle will probably include the 
fees fer surgery, anesthesia, facilities, implants, an- 
cilary tests, and postoperative care. In each geo- 

E aphic area, a number of sites will probably be 
included. They could be ambulatory surgical centers, 
















4 outpatient : 10spital departments, or groups of physi- 
_ Gans. Those making bids will be encouraged to be in- 
>- hevative. HCFA anticipates that up to 50% of cata- 

` ract surgery in any area will be provided as part of the 
f mam tion 3 pott 



















i cely thee will be no shortage of bidders. It is inter- 
_ esting to consider why any busy ophthalmological 
_ Service would be interested in giving discounts. The 
dy obvious reasons would be to maintain patient 
, increase volume, or improve one’s reputation. 
ould be noted that HCFA will not promise 
er ased volume to any bidder. 
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One fear is that the attempts to cut costs might de- o 
crease quality. Health economists believe that qual- 
ity can be maintained while cost savings are achieved. _ 
Bidders will be required to explain hew they are cut- 
ting costs, and how they will mair tain quality. ‘When | 
third-party payers routinely reimburse, it is easy to 
do everything to make surgery as “safe” as possible _ 
for patients. When the provider’s bottom line is 
affected, financial considerations may affect decisions 
when scientific evidence has not verified the adv: 
tage or disadvantage of some new device or procedu 

Ophthalmologists involved in the Cataract PP 
project may have to answer many difficult questions 

1. Many ophthalmologists routinely use an anes- 
thesiologist for cataract surgery, while others rarely — 2 
do. What is the cost-benefit ratio of providing anes- 
thesiologists for healthy patients? E 

2. The benefit of obtaining endothelial cell counts i 
for routine cataract surgery (and even complicated _ 
cataract surgery) continues to be controversial, some 
practitioners considering it almost a necessity, and. 
others never using the technique. If the cost is paid by 
the surgeon or facility, will indications change? 

3. Intraocular lenses vary in price, and more ex- __ 
pensive lenses have purported advantages. Does any — ne 
scientific evidence warrant the higher cost? _ E 

4. The qualifications of the providers of postopera- — 
tive care have been a subject of much emotional dis- 
cussion. Abt Associates, in its “request for propos- ce 
als,” notes that optometric postoperative care canbe _ 
provided at a lower cost. While most agree that the _ 
incidence of important postoperetive complications 
after cataract surgery is low, will some meaningful 
scientific data be forthcoming to demonstrate if itre- > 
ally makes any difference whether physicians, optom- 
etrists, nurses, technicians, or aryone else provides 
postoperative care? 

Cynics may believe that the “Designated Cataract 
Provider Project” is simply a technique for HCFA to e 
determine how low facilities anc ophthalmologists OS 
will price their services, while st.ll maintaining ac- 
ceptable quality. After 2 years, if it is demonstrated _ Be 
that quality care can be provided at a discounted rate, 
that discounted rate may become “standard.” The __ 

“medium-volume” surgeon is concerned that he or she a 
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rations : a day using ancillary personnel A ad ia 
ichieving equally successful results. High-volume 
- surgeons, with high overhead and fixed expenses, fac- 
ing lower reimbursement, may have to market their 
-services ‘and work even harder to maintain volume 
3 tay profitable. 
ill be an interesting 2- to 3-year period, and it 
tful anyone will be satisfied. Patients may have 
ave their primary ophthalmologists; providers 
wi | find their profits reduced the more they use tech- 
-niques and services they consider “necessary”; train- 
ing programs may lose patients; and most of us will 
-be running just a little more scared. HCFA is con- 
` cerned it. may also be a loser, as the urge to maintain 
income by increasing volume in the face of reduced 





sibility of | unnecessary or premature surgery (if such 
occurs) continues to be a concern. 

The only winners in the whole scenario may ‘be 
marketing and advertising specialists and the law- 
yers who draw up the bids and contracts. The optimist 
has to be confident that patient care will not suffer 
and that the ophthalmologist will provide appropri- 
ate and necessary service regardless of the level of 
reimbursement. 

All of medicine should be made aware that this 
project in bundling is only a beginning, and the ulti- 
mate bundle, capitation, probably will be here in the 
not-too-distant future. 

ALLAN D. JENSEN, MD 
Baltimore, Md 


Of Mice—and Rats, Dogs, Rabbits, Cats, 





























s a research scientist I spend much of my time 
studying the normal physiology of the retinal 
ood vessels in experimental animals, and their per- 
rbations in models of human disease. As an oph- 
ic clinician, I apply knowledge of pharmacolog- 
fects and surgical techniques gained from ani- 
studies to the treatment of human patients. Asa 
patient myself, with a more than 34-year history of 
sulin-dependent diabetes mellitus, I am grateful to 
se distinguished scientists of the past—von Me- 
; and Minkowski, Banting and Best—without 
vhose investigations of the physiology of the pan- 
creas and the actions of insulin, all performed on dogs, 
` | would have died in adolescence. 
-- -We live in an era of passionate advocacy of causes. 
Within the past 30 years such advocacy, championed 
by articulate and highly visible groups of people, has 
isformed our society with regard to the civil rights 
duals of racial and ethnic minority groups, of 
er sex and differing sexual preferences. There can 
doubt that the United States is a better country 
se of the liberalizing social changes brought 
by this passionate advocacy. Now, still other 
visible and vocal advocates, using rhetoric 
Í ila to that used by the movements for civil rights 
- humans who have been the victims of discrimina- 
tion, are vigorously championing another cause: that 
of rights for laboratory animals used in research. 











- While some animal rights advocates ask only that 
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and Monkeys—and Men 





laboratory animals be maintained under humane liv- 
ing conditions, and that experiments performed on 
them cause no pain and are not wanton in their 
expenditure of animal lives, others demand nothing 
less than the cessation of all research that uses ani- 
mals, in particular, primates and mammals that are 
common household pets. They equate the rights of 
animals to the rights of humans who are unable to 
give informed consent—the very young and the very 
old, and the mentally infirm. Some go so far as to im- 
ply that, as regards research, a dog is the same as a 
eat, or a rat, or a child (paraphrased from Ingrid 
Newkirk, representative of “People for the Ethical 
Treatment of Animals,” on “The Oprah Winfrey 
Show,” April 27, 1988, cited in a memo circulated to 
the Board of Directors, Juvenile Diabetes Foundation 
International, Chicago [II] Metropolitan Chapter). 
One very articulate animal rights advocate stated in 
a symposium on the subject published last year that 
if forbidding research on animals were to mean for- 
going a cure for cancer, then he would prefer to forgo 
the cure for cancer (Harper’s Magazine. August 
1988:43). If views such as these are widely accepted by: 
those who make our laws and allocate funds for med- 
ical research, then continued progress in biomedical 
science, progress that has been lifesaving for me and 
for millions of others, will be slowed or halted. 
While some animal rights advocates promote their 
cause through reasoned argument; others use violent 
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ac ae ekin at (panes and ial re- 
“search facilities, and destruction of equipment and 
-records documenting years of research. In one well- 
publicized case, an animal rights activist planted a 
- bomb that could have caused injury or death at the 
. parking space of the president of a company that used 

animals to train physicians to use its surgical prod- 
-aets (Time. N 














. As clinicians and medical research scientists we 
_ elearly believethat a continuation of animal research, 
_ a3 it has been eonducted until now, is in the public in- 
terest. How shall we deal with these passionate advo- 
gates of change? 
First, I believe that our responses must be tailored 
_ te the individual nature of the attacks on us, which, 
-as I have indicated, may range from the most rea- 
soned intellectual argument to the most violent phys- 
ie assault. Fer those animal rights advocates whose 
approach is reasoned debate, we should welcome the 
j opportunit r for public discussion. A full exploration 
-of the views of the concerned parties will surely be 
n E, and I have no doubt that our arguments, 
 preperly presented, are overwhelmingly convincing. 
¿For those whe choose physical assaults on our labo- 
-ratories or our persons, we must take appropriate se- 
- eurity measures. When the perpetrators of these as- 
_ saults are apprehended, they must be dealt with by all 
_. the ferce of the law. In a society governed by the rule 
of law, no individual or group of individuals has the 
to deeide unilaterally that their moral view is 
ficiently superior for them to take violent and de- 
tructive measures to impose this view on others. 
_ Second, I am convinced that we must not remain on 
-the defensive, responding only when a verbal or 
- physical attack is made. Biomedical science in the 
20th eentury has been an agent of enormous and ben- 
cial change in the length and quality of human life. 
Research on animals has been an essential part of 
seientific methodology. We must take every opportu- 
nity to emphasize to the publie the accomplishments 
of biomedical science, its promise for the future, and 
the need for centinued research on experimental an- 
umals. We shoald demonstrate our accomplishments 
im news stories, and our selected representatives 
sneuld state the views of our profession in opinion 
pieces in magazines and newspaper “op-ed” pages and 
in discussions and interviews on radio and television. 
We should hold “open houses” and take groups of lay 
peepke on i tours of our research laboratories and lab- 

































and the RE P that we take to ensure the 
aumane treatment of the animals that we study. I 












lave little doubt thet the effect 9 
would be renewed public approval of o: 

Our major problem is not intellectua 
tional. The accomplishments of 2th-centr 
ical science are held in high public estee: 
there is wide general acceptance cf the use of 
in research. For the most part, even people v 
have some reservations would be unwilling: t 
absolutely research that used higher anim: 
meant forgoing the possibility ‘of life-prolonging 
treatments or cures for cancer er other $ 
diseases in humans. But people whe have no ph 
sophical difficulty with research oa dogs, cats, rabbits, _ 
or monkeys, in the abstract, can readily be made to : 
visualize their own cherished pet strapped to a table _ 
in a laboratory. We must continue to emphasize that _ 
the dogs and cats that are subjected to research pro- | 
cedures are not someone’s pets, but unowned animals _ 
that do not suffer during humane research proce- 
dures, and would be killed anyway. Me 

Finally, but not least important, we must recogn e 
that one of the benefits of the animal rights movem 
has been to cause us to reexamine our own proced 
to ensure that our experiments reguiring live ani a 
are scientifically appropriate, economical of anima 
life, and humane. For this purpose, we have 
lished research peer review grougs and instit 
















































the care and housing of laboratory animals, staffe 
well-trained veterinarians and ancillary help 
must support these groups and work with ther 
ensure their effective function. 
The tremendous successes of American biomed 
science in this century have been stimulated i 
jor way by enlightened public policy that has p 

duced generous government and private fundi 
research, and has created an environment condu 
to innovation. Until now, medical scientists ha 
ceived widespread public approval, and have be 
permitted rather broad freedom of action. The gr 
ing animal rights movement, however well-inten- 
tioned many of its adherents may be, represen ts a. 
threat to biomedical science that may, if the goals o; 
the movement become public policy, seriously imped 
scientific progress. As a physiciam and medical scien- 
tist, and as one whose own life has benefited enor- 
mously from scientific discoveries taat required the _ 
use of experimental animals, I oppose most emphat- 
ically the extreme goals expressed by many members __ 
of this movement. I urge my professional colleagues : 
and the lay public to do likewise. oe 
ROSERT N. FRANK, MD 

Detroit, Mieh T 
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| Microsporidial Keratoconjunctivitis in 


Acquired Immunodeficiency Syndrome 


` Dorothy N. Friedberg, MD, PhD; Susan M. Stenson, MD; 
- Jan M. Orenstein, MD, PhD; Philip M. Tierno, PhD; Norman C. Charles, MD 


~ @ We describe three patients with ac- 
quired immunodeficiency syndrome who 
presented with a bilateral coarse superfi- 


.. cial epithelial keratitis due to infection 


_ with the protozoal parasite Microspora, 

. Encephalitozoon cuniculi. Despite the ex- 
‘tent of the corneal surface disease, con- 
junctival inflammation was minimal. Visual 


. acuity ranged from 20/20 to 20/200. In 


- one patient, the keratitis was complicated 

- by the development of a surface defect 

` -with secondary Pseudomonas species in- 
fection. All patients had a history of expo- 
‘sure to household pets. Standard cultures 
_were negative. Diagnosis was established 
-in two of the three cases based on charac- 
teristic appearance of the protozoan in 
“conjunctival scrapings. Electron micros- 
copy of a conjunctival biopsy specimen in 
‘one patient confirmed the species. No 

-recognized effective treatment is avail- 

_ able for this infection. 

: (Arch Ophthalmol. 1990:108: 504-508) 


A ierosporida are small obligate 
“intracellular parasites found 
‘throughout the animal kingdom. 
These protozoa have been reported to 
-parasitize every major animal group, 
particularly insects, fish, amphibians, 
rodents, reptiles, and birds.’ Recog- 
- nized human infection has been rare 
: with two cases of central nervous sys- 
=< tem disease,” one of disseminated dis- 
-ease in an immunocompromised in- 
fant,’ one of tumor parasitism,’ and 

-two cases of corneal stromal infec- 
< tion“ reported before the advent of the 
7 acquired. immunodeficiency syndrome 
(AIDS) i in the last decade. Recently in- 
‘creasing descriptions of human mi- 
rosporidiosis in this immunocompro- 
aised group have been reported.’ Re- 
orted sites of involvement have 
acluded the liver, the omentum," and 
particularly the small intestine.” 
< We describe three patients with 
oe Accepted for publication December 20, 1989. 
From the Departments of Ophthalmology (Drs 
Friedberg, Stenson, and Charles) and Clinical 
Microbiology (Dr Tierno), New York (NY) Uni- 
-versity Medical Center; and the Department of 
Pathology, George Washington University Medi- 
oe cal Center, Washington, DC (Dr Orenstein). 
Read in part before the annual meeting of the 
Ocular Immunology and Microbiology Group, 


a New Orleans, La, October 28, 1989. 
> Reprints not available. 
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AIDS who developed a recalcitrant bi- 
lateral epithelial keratitis. In two of 
the three cases, microsporidial kera- 
toconjunctivitis was diagnosed based 
on conjunctival cytology. This was con- 
firmed by light and electron micros- 
copy of a conjunctival biopsy specimen 
in one patient. Diagnosis in the third 
case was based on clinical appearance. 


REPORT OF CASES 


Case 1.—A 33-year-old homosexual man 
was diagnosed as having AIDS in April 
1987, after he developed Pneumocystis 
carinii pneumonia and Kaposi's sarcoma. 
He was treated with zidovudine, dapsone, 
and acyclovir, and had been well, except for 
recurrent staphylococcal infections of the 
skin. At his initial ophthalmological exam- 
ination he was receiving oral erythromycin 
stearate for a caruncle. 

He presented to the ophthalmologist on 
April 11, 1989, with a 2-week history of ir- 
ritation, photophobia, and variably blurred 
vision in both eyes. Prior eye history was 
normal, except for myopia corrected with 
soft contact lenses. He had discontinued 
lens wear since the onset of the irritation, 
but the symptoms did not improve. 

On initial examination best corrected 
acuity was 20/20—3 OU. No enlarged preau- 
ricular lymph nodes were noted. Eyelids 
were minimally hyperemic at the margins. 
There was decreased conjunctival luster 
and a slight fullness of the inferior fornicial 
conjunctiva, but with neither follicular nor 
papillary response. The bulbar conjunctiva 
was uninflamed. Both corneas were covered 
with fine to coarse staining and nonstaining 
epithelial opacities with some individual 
lesions having a mucoid consistency (Fig 1). 
Involvement was confined to the corneal 
epithelium. The anterior chambers were 
clear; the results of the remainder of the 
ocular examination were normal, except for 
a few scattered superficial hemorrhages 
and a solitary retinal cotton-wool spot in 
the right eye. 

The patient was started on a regimen of 
frequent topical lubricants (unpreserved 
artificial tears). Conjunctival cultures and 
smears were obtained. Numerous supple- 
mented and enriched media (eg, chocolate 
agar, brain heart, supplemented peptone 
broth, thiol broth with sodium polyanethol 
sulfonate and carbon dioxide, and Lowen- 
stein-Jensen) were used to cultivate fastid- 
ious organisms. A few colonies of Staphylo- 
coccus epidermidis were recovered in both 
eyes, On examination of the conjunctival 


scraping, on Giemsa and Gram’s stains (Fig 
2), numerous extracellular and intracellu- 
lar ovoid bodies were noted. These ovoid 
bodies were gram-positive, larger than bae- 
teria, and had a pecular nodular staining 
pattern. Some appeared to be encapsulated. 

The patient was giver a clinical trial of 
topical tobramycin (1 drop four times a day 
in the right eye) and chloramphenicol (1 
drop four times a day in the left eye) with 
no clinical improvement. He developed a 
Staphylococcal pyelonephritis and was hos- 
pitalized for treatment with intravenous 
vancomycin hydrochloride. This systemic 
treatment had no effect on the keratitis. 
Frequent applications of lubricants and 5% 
acetylcysteine were preseribed for comfort, 
but did not clear the corneas. Visual acuity 
fluctuated between 20/30 and 20/100, with 
some exacerbation reported in the early 
mornings. Conjunctival reaction remained 
minimal with trace hyperemia and de- 
creased conjunctival luster. The pecular 
fusiform swelling anc hyperemia of the in- 
ferior fornices remained. There was 15-mm 
wetting on Schirmer’s testing with pro- 
paracaine hydrochloride. 

A conjunctival biopsy specimen was ob- 
tained from the inferior fornix on July 11, 
1989. Light and electron microscopy were 
performed. A diagnosis of Encephilitozoon 
cuniculi infection was made based on the 
electron microscopic findings. 

The patient was treated with topical 
sulfisoxazole diolamine with dosages vary- 
ing from four times a day to hourly. Al- 
though he believed the medication stabi- 
lized the condition and gave some comfort 
and improvement in vision, there was no 
clinical change on ocular examination, and 
repeated conjunctival serapings revealed 
persistence of numerous protozoa. On Au- 
gust 17, 1989, the patient developed cyto- 
megalovirus (CMV) retinitis in the left eye, 
which responded to ganciclovir sodium 


therapy. The patient owned a parrot. 


CASE 2.—A 46-year-old homosexual man 
was diagnosed as being human immuno- 
deficiency virus-positive in October 1987. 
He had had Kaposi’s sarcoma of the thigh 
and a prior herpes simplex eruption on the 
buttocks. He was receiving zidovudine, 
sulfamethoxazole-trimethoprim (Bactrim), 
and acyclovir. Prior ocular history was 
positive for upper and lower eyelid blepha- 
roplasties in 1985. He was initially seen on 
June 12, 1989, complaining of spots in front 
of his eyes. Visual acuity was 20/20 OU, and 
results of examination of the anterior seg- 
ment were completely normal, except for 
tight eyelids with weak closure and faint 
cutaneous scars secondary to prior blepha- 
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Fig 1.—Case |. Cosnea demonstrating diffuse, coarse, superficial ep- 


ithelial keratitis. 








roplasties. Vitreous floaters and multiple 
retinal cotton-waol spots in both eyes were 
noted. 

The patient presented 3 months later 
with a 2-week history of decreased visual 
acuity in his right eye. Visual acuity was 
counting fingers m the right eye and 20/20 
OS. There was extensive CMV retinitis in 
the right eye with macular edema. He was 
treated with gancirlovir. He also com- 
plained then of irritation, redness, photo- 
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Fig 2.—Case 1. Conjunctival scraping showing numerous large gram- 
positive ovoid organisms within conjunctiva’ epithelial cells (Gram's 
original magnification X500). 


Fig 3.—Case 2. Minimal bulbar conjunctival reaction. Moderate hype- 
remia of inferior palpebral conjunctiva with erythema and fusiform edema 
of the inferior fornix. 


Fig 4.—Case 2. Cornea demonstrating a milder epithelial keraatitis than 


in case 1 (Fig 1). 


phobia, dryness, and blurred vision in both 
eyes for several weeks. Examination of the 
anterior segment revealed slight erythema 
of the lid margins with no discharge. No 
enlargement of preauricular lymph nodes 
was noted. Conjunctivae were minimally 
hyperemic with decreased luster. There was 
mild hyperemia with fullness of the inferior 
fornicial conjunctiva with a slight follicular 
reaction (Fig 3). The tear meniscus was 
decreased in both eyes. The corneal epi- 
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thelium was covered with fine to coarse hy- 
drochloride lesions, some of which had a 
mucoid appearance Fig 4). There was ir- 
regular fluorescein uptake as well as a few 
fine keratitic precipitates and minimal 
flare and cell in the anterior chamber of the 
right eye. 

Cultures obtained from both conjuncti- 
vae yielded a few colenies of S epidermidis. 
A scraping of the inferior palpebral con- 
junctiva was obtained from cytologic study 
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and showed a scanty inflammatory cell re- 
action, predominantly neutrophilic. There 
were many aggregates of intracellular and 
extracellular large ovoid bodies with a nod- 
ular staining pattern on Gram’s and 
Giemsa stains (Fig 5) consistent with Mi- 
crosporida. The patient had taken care of a 
friend’s cat for several days after his first 
examination. 

CASE 3.—A 36-year-old homosexual man 
had been diagnosed as having AIDS in Au- 
gust 1986, after an episode of P carinii 
pneumonia. He was treated with zidovudine 
and acyclovir. He presented on June 12, 
1987, with a 1-week history of light flashes 
and decreased visual acuity in the left eye. 
On ocular examination visual acuity was 
20/20 OD and 20/70 OS. Eyelids were clear. 
Minimal conjunctival hyperemia with some 
accentuation of reaction in the inferior for- 
nices were noted. No discharge was seen. 
The conjunctival surface appeared dry; the 
tear meniscus was decreased. Both corneas 
were covered with diffuse coarse epithelial 
opacities with irregular fluorescein uptake. 
In the left eye there was an irregular linear 
pattern to the keratitis with heaping of the 
epithelium in the interpalpebral zone. 
There was no surface break and no deeper 
corneal involvement. There were a few fine 
keratic precipitates and mild iritis and vit- 
ritis in the left eye as well as an afferent 
pupillary defect. 

On dilated fundus examination there was 
a solitary retinal cotton-wool spot in the 
right eye and a hemorrhagic necrotic re- 
tinitis, involving the superotemporal retina 
and the optic disc in the left eye. The patient 
was treated with ganciclovir for CMV 
retinitis-papillitis. By September 22, 1987, 
the visual acuity had improved to 20/25 OS 
with resolution of the papillitis and retini- 
tis. The keratitis remained unchanged. 

In April 1988, pulmonary Kaposi’s sar- 
coma developed. He was started on a com- 
bination therapy of doxorubicin hydrochlo- 
ride (adriamycin), bleomycin sulfate, and 
vincristine sulfate. He also complained of 
increasing irritation in both eyes with de- 
creased vision. There was marked photo- 
phobia. On reexamination, his visual acuity 
had decreased to 20/50 OD and finger count- 
ing at 1 ft in the left eye. There was mild 
conjunctival hyperemia with persistence of 
the fusiform thickening of the inferior for- 
nicial conjunctiva. The coarse epithelial 
keratitis had worsened with the develop- 
ment of a swirling pattern of surface opac- 
ities in the left eye with weakened surface 
adhesion. Cultures from both conjunctivae 
yielded a few colonies of S epidermidis. A 
scraping was not done. In this case diagno- 
sis was made in retrospect on clinical ap- 
pearance. 

He was started on a regimen of intensive 
topical lubricants (unpreserved artificial 
tears every hour) with some alleviation of 
symptoms. Visual acuity improved to 20/40 
OD and 20/200 OS. A trial of 1% pred- 
nisolone acetate eye drops four times daily 
was given and visual acuity increased to 
20/30 OD and 20/100 OS. The coarse kera- 
titis then worsened and a bandage soft con- 
tact lens was tried on the left eye. This was 
poorly tolerated and a corneal erosion de- 
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Fig 5.—Case 2. Conjunctival scraping (Giemsa, original magnification X500). 


veloped. The lens and topical corticoster- 
oids were stopped and the erosion resolved 
with the frequent use of topical lubricants. 
In October 1988, he presented with an infil- 
trated paracentral corneal ulcer with a ne- 
crotic base. Scraping of the ulcer bed dem- 
onstrated multiple gram-negative rods, and 
cultures yielded Pseudomonas species. The 
patient was started on a combination ther- 
apy of topical ticarcillin disodium and to- 
bramycin sulfate. There was slow healing of 
the central ulcer but gradual extention of 
the infiltrate to the limbus and adjacent 
sclera and development of a necrotizing 
sclerokeratitis. Intensive topical therapy 
was continued and intravenous tobramycin 
and cephtazidime pentahydrate were added 
for the scleritis. The ulcer slowly healed 
leaving a dense scar and a visual acuity of 
light projection. The keratitis in the right 
eye remained unchanged. The patient died 
of pulmonary complications on December 
14, 1988. Permission for autopsy was not 
granted. The patient had owned a cat. 


RESULTS 
Cytologic Findings 


Conjunctival scrapings in patients 1 
and 2 revealed large ovoid gram-posi- 
tive bodies that appeared extracellu- 
larly and intracellularly within clear 
vacuoles (Fig 2). These also stained 
purple-blue with Giemsa stain (Fig 4). 
A scanty inflammatory cell reaction, 
mostly neutrophillic, was noted. 


Light Microscopic Findings 


Light microscopy of paraffin- and 
plastic-embedded specimens in case 1 
showed conjunctiva with minimal in- 
traepithelial and subepithelial infiltra- 
tion by neutrophils. The most super- 
ficial layers of epithelial cells con- 
tained round to ovoid bodies within a 


clear cytoplasmic vacuole (Fig 6). They 
were gram-positive and stained with 
Giemsa and acid-fast. Hematoxylin- 
eosin-stained sections showed individ- 
ual epithelial cells with intracytoplas- 
mic blue-gray clusters of organisms. 
When viewed under polarized light at 
high power (X360) the organisms ex- 
hibited hyperrefringence. 


Ultrastructural Morphologic Findings 


Multiple organisms, from meronts 
to mature electron-dense spores, were 
present within parasitiphorous vacu- 
oles (Fig 7). Although occasional binu- 
cleate meronts were observed, division 
resulted in only uninucleate spores. 
The meronts were pleomorphic and 
measured approximately 2.5 to 4.0 
um X 2.0 um whereas the spores, which 
were more regular in shape, measured 
up to1.1 X 2.5 um. The spores had thick 
endospores and thin exospores, polar 
tubules with up to seven turns or coils 
(Fig 8), polar vacuoles, and polaroplast 
membranes. Extruded polar filaments 
were observed, on at least one occasion 
penetrating an adjacent cell. The su- 
perficial layer of epithelial cells con- 
tained the largest vacuoles and the 
largest number of organisms and dis- 
played degeneration, necrosis, and 
sloughing (Fig 9). The second and third 
cell layers had fewer organisms, which 
were often in earlier stages of devel- 
opment. 


COMMENT 
The range of opportunistic infec- 


tions associated with AIDS is exten- 
sive and still expanding; it includes all 
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Fig 6.—Case 1_Plastic section of conjunctival 
biopsy specimen. Sloughing superficial cells 


contain parasite-laden vacuoles. Mature 
spores stain densely (methylene blue-azure 
ll) basic fuchsin, original magnification X360). 


classes of organisms. Pathogens that 
had previous!y been seen only rarely 
have become commonplace and deadly. 
There are numerous ocular manifesta- 
tions of AIDS Posterior segment com- 
plications have been much more 
common thananterior segment abnor- 
malities. A noninfectiousretinal micro- 
angiopathy, consisting of cotton-wool 
spots, sometimes accompanied by in- 
traretinal hemorrhages and other mi- 
crovascular abnormalities, is the most 
frequent retinal complication. Cy- 
tomegalovirus retinitis is the most 
common ocular opportunistic infec- 
tion. Kaposi’s sarcoma of the lid and 
conjunctiva and lymphoma of the orbit 
are the mest eommon ocular neo- 
plasms in AIDS. Neuroophthamologi- 
cal disturbances are more frequently 
secondary to eryptococcal meningitis." 

We report three cases of a coarse 
epithelial keratitis in patients with 
AIDS. In two-of the three cases, a di- 
agnosis of micresporidial keratocon- 
junectivitis was established based on 
typical findings on light and electron 
microscopy. In the third case the diag- 
nosis was clinical. All three patients 
were human immunodeficiency virus- 
positive and kad biopsy-proved Kapo- 
si’s sarcoma, and two of the three had 
P carinii pneumonia. All three had or 
later developed CMV retinitis, which 
was treated with ganciclovir. The 
course of the CMV retinitis seemed to 
have no bearing on the progression of 
the keratitis. All three patients were 
expesed to household pets. One of the 
patients (patient 2) was an airline 
worker withextensive overseas travel. 

The appearance of the keratitis was 
similar in all cases with disease con- 
fined to the superficial corneal epithe- 
lium with minimal clinical involve- 
ment of the conjunctiva. Symptoms 
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conjunctival biopsy. Superficial cell contains 
parasitophorous vacuole with organisms at 
different stages of development. Cell in third 
layer has four meronts in a vacuole indenting 
the nucleus (lower left) (original magnification 
X6700). 


referable to the corneal disease in- 
cluded photophobia, foreign-body sen- 
sation, blurred vision, and dryness. 
Visual acuity ranged from 20/20 to 
light perception and was variable dur- 
ing the course of the disease. Patients 
experienced symptomatic relief from 
the frequent use of ocular lubricants, 
although no clinical improvement was 
seen with these agents. 

Of special interest in these cases was 
the minimal degree of conjunctival in- 
flammation despite the extent of the 
keratitis. The pattern of conjunctival 
reaction was similar in all cases, with 
involvement largely confined to the in- 
ferior fornix where a fusiform swelling 
was present. Even with the minimal 
clinical conjunctival reaction ob- 
served, scraping demonstrated numer- 
ous protozoans, providing a simple and 
benign method toestablish the diagnos- 
is of Microsporida. This may be partic- 
ularly important diagnostically in this 
surface keratitis in these immunosup- 
pressed patients, obviating the need to 
sample the cornea and risk deeper 
stromal inoculation of this organism. 
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Fig 8.—Case 1. Electron micrograph from 
conjunctival biopsy. Mature electron-dense, 
uninucleate spore with seven turns of the polar 
tubule (original magnification X46 000). 


Morphologically mammalian Micro- 
sporida are small, oval organisms 
ranging from 2.5 to 4 X 1.5 to 2.5 um. 
They are obligate intracellular para- 
sites that multiply within the cyto- 
plasm of the host cells in a character- 
istic pattern. Identification of the par- 
asite as a member of the phylum 
Microspora is based on the appearance 
of the spores, eg, coiled polar tubule, 
anchoring plate. thin electron-dense 
exospore, thick electron-lucent endo- 
spore, polar vacuole, and polaroplast 
membranes. Four genera have been 
implicated in human disease (Ence- 
phalitozoon, Nosema, Pleistophora, 
and Enterocytozoon). 

Speciation requires electron micro- 
scopic study of the stages of the life 
cycle of the organism. Spore size, num- 
ber of nuclei, number of coils in the 
polar tubule, and the presence or ab- 
sence of a protective membrane sur- 
rounding the developing parasite 
within the host cyteplasm help in the 
identification amd subclassification.! 
Classification as a member of the ge- 
nus Encephalitozoon and specifically 
the species Æ cuniculi is based on 
identifying relatively small uninucle- 
ate spores, having five to seven turns of 
their polar tubules and a polar vacuole, 
and development within a parasito- 
phorous vacuole. 

To our knowledge, this is the first 
comprehensive report of E cuniculi 
infection of any lecation within the eye 
in the human immunodeficiency virus- 
infected population. However, there 
are single case reperts of hepatitis’ 
and peritonitis” eaused by this species 
in patients with AIDS. The most com- 
mon Microspora reperted causing dis- 
ease in human immunodeficiency vi- 
rus-infected patients is the new spe- 
cies-genera Enterocytozoon bieneusi, 
which has been associated with severe 
diarrhea and malabsorption.!'? This 
Microsporida has only been observed 
infecting enterocytes of the bowel, es- 
pecially of the small intestine. Entero- 
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having clear parasitophorous vacuoles containing parasites at varying stages of development 
(original magnification X2700). 


cytozoon bieneusi can be readily dis- 
tinguished for E cuniculi by having all 
stages of development in direct contact 
with the host cell cytoplasm (no para- 
sitophorous vacuole), premature de- 
velopment of polar filament precursors 
within the uncleaved sporogonal plas- 
modium, and the presence of clear 
cleftlike structures in the multinucle- 
ate plasmodium. It is envisioned that 
E cuniculi, like other species of Mi- 
crosporida, enter the host predomi- 
nantly through ingestion and either 
multiply and remain in the bowel, or 
transit the mucosa to lodge in various 
host sites via the circulation. Our pa- 
tients have not displayed signs or 
symptoms that could be associated 
with infection of other sites. This 
would suggest possible topical infec- 
tion, which is supported by the super- 
ficial nature of the keratitis. Pets, eg, 
dogs, cats, and birds, are known to ac- 
quire and harbor E cuniculi organisms 
and may be the source of the topical 
infection in our three patients, all of 
whom had contact with domesticated 
animals. 

The three cases of coarse epithelial 
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keratitis due to microsporidial infec- 
tion presented are in striking contrast 
to the previous reports of deep destruc- 
tive stromal disease in non-AIDS im- 
munocompetant hosts. Ashton and 
Wirasinha’ identified E cuniculi in the 
deep corneal stroma of a scarred, vas- 
cularized cornea that had been trau- 
matized 6 years earlier and was re- 
moved for keratoplasty. Necrosis and 
acute inflammation were present in 
the central stroma. The second case of 
corneal nosematosis was reported by 
Pinnolis et al.’ The patient was a 26- 
year-old woman from Botswana, 
South Africa, who presented with a 4- 
month history of a painful eye with no 
antecedent trauma. The eye was enu- 
cleated and the specimen showed a 
deep perforated corneal ulcer with ne- 
crosis and infiltration by neutrophils, 
mononuclear cells, and epithelioid 
granulomas. Numerous organisms, 
identified as Nosema species by elec- 
tron microscopy, were found in the cy- 
toplasm of the histiocytes. There had 
been controversy in nomenclature and 
it is possible that the Microsporida 
that caused the deep stromal disease 
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were Nosema organisms rather than 
Encephalitozoon organisms. 

A serological survey from Sweden 
presented evidence of an increased in- 
cidence of microsporidial infection in 
homosexuals. Homosexuals showed a 
33% rate of infection in contrast to 
12% reported in unselected Swedish 
citizens returning from the tropics. 
However, E cunuculi is the only source 
of parasitic antigen used to date." 

There is no known effective therapy 
for microsporidia in humans, although 
sulfa drugs have been reported to have 
some effect.? Fumagillin, an antibiotic 
used in microsporial infection of honey 
bees, which has activity against a 
mammalian isolate of E cuniculi in 
tissue culture, is toxic to mammals in 
its present formulation.*’* One of our 
patients (patient 1) noted sympto- 
matic relief from topical sulfisoxazole 
diolamine drops, but there was no 
clinical or cytologic change in the ap- 
pearance of the infection. Our early 
experience with patient 3, coupled 
with our current understanding of the 
etiology of the keratitis, cause us to 
warn against the use of topical corti- 
costeroids or bandage contact lenses in 
these patients. 

The lack of effective therapy also 
poses a problem in accurate diagnosis. 
Corneal scraping or biopsy carries the 
risk of either secondary infection or 
possible penetration of the organisms 
into the deep stroma. Conjunctival 
scraping is a benign procedure. The 
superficial nature of the infection, 
with necrosis and sloughing of the in- 
fected cells, explains the quantity of 
organisms seen in the specimens. The 
cytologic appearance of the organisms 
when coupled with the distinctive su- 
perfical keratitis allows for the safe 
diagnosis of microsporidial infection. 
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inum Treatment of Strabismus Following 


Retinal Detachment Surgery 


Adan B. Scott, MD 


+ Twenty patients with strabismus and 
diplopia folowing surgery for retinal de- 
tachment were treated by botulinum toxin 
injection of ‘he eye muscles. Twelve pa- 
tients had regained fusion with elimination 
of diplopia ia the primary position at the 
time of examination, 5 to 96 months after 
_ treatment (mean. 24 months). Three pa- 


ee Be nts had partial diplopia elimination, 


_ and five patients continued to have dipio- 


$ 


{Arch Ophthalmol. 1990; 108:509-5 10) 


ostoperative strabismus with 
¿= diplopia is a serious functional 
_ problem for patients undergoing suc- 
cessful retmal repair.'? Strabismus 
surgery is mot always technically easy 
or perfectiy suceessful in this Praun 
_ Redetachment end opening of poorly 
~ healed scleral drainage sites with vit- 

reous loss ean occur with such strabis- 
_ surgery.” Combined horizontal 
ad vertical deviations are common in 
oo ds rou, oftererequiring rectus mus- 
-ele operatiens te be separated in time 
or requiring operation on the fellow 
eye. For ai! these reasons, injection 
with botulinum toxin is an attractive 
alternative 


PATIENTS AND METHODS 


Twenty patients with postoperative 
diplopia uncerwent 28 retinal operations. 
Feur cf these patients had unsuccessful 
postretinal strabismus surgery (7 opera- 
- Hens) to repair the deviation. Visual acuity 
t in the eye operatec on ranged from 20/25 to 

#00. for 15 patients it was in the range of 









2072 Ü to 20/5). AR patients were fully in- 





. formed and consenting adults were aware 
of the experimental nature of botulinum 
injection treatment. The time from detach- 
ment repair to injection ranged from 4 
months to 20 vears. The mean preoperative 
deviation for distance was 21 prism diopt- 
ers {PD) (we courted the larger deviation 
for those whe had both horizontal and ver- 
tical deviations). We advised patients in 
whom deviatrons were over 35 PD, and in 
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whom motility restrictions seemed due to 
scar tissue, to have surgical repair, and 
most of these cases were eliminated from 
this series. 

One injection treatment was done in 17 
cases, and two or more injections were done 
in 3 cases. Four patients received combined 
horizontal and vertical musele injections; 
when done at the same time, this was con- 
sidered one injection treatment. All injec- 
tions were into muscles of the eye operated 
on. All individuals were injected in an office 
setting and received topical anesthesia. 
Dosages for individual muscles ranged 
from 1.5 U to 7.5 U, with 5 U the most fre- 
quent initial and subsequent injection dose. 
All patients whose diplopia was considered 
to have been eliminated were followed up a 
minimum of 5 months after the last injec- 
tion (Table). 


RESULTS 


Twelve of the 20 patients had a rees- 
tablishment of fusion with elimination 
of diplopia in the primary position. 
Three patients (5, 7, and 19) had a par- 
tial elimination of diplopia. Patient 5 
had recurrence of esotropia about 12 
months after each injection due to un- 
deraction of each lateral rectus. Pa- 
tient 7 had had strabismus for 20 
years, and may have been intermit- 
tently suppressing the second image 
rather than fusing the residual 8 PD of 
exotropia and 6 PD of left hyperdevia- 
tion. Patient 17 was a 92-year-old man 
aligned by injection for distance, but 
whose low accommodation conver- 
gence ratio still gave intermittent 
diplopia with exotropia at near fixa- 
tion. 

Five additional patients continued 
to have diplopia, although their devia- 
tions have been reduced. 


COMMENT 


In 17 cases of strabismus after de- 
tachment repair followed up by Mets et 
al,’ the deviation spontaneously re- 
duced during the interval 3 to6 months 
after surgery by 4 PD or less in 14 cases 
and by 5 PD, 6 PD, and 8 PD in 1 case 
each. Thus, it seems unlikely that the 
deviations in our patients who were 
followed up for 6 months or less fol- 
lowing surgery would have spontane- 
ously resolved (case 2, 6 months, 25 PD 
of exotropia; case 11, 4 months, 25 PD 





of esotropia, 6 FD of left fortune 
and case 18, 5 menths, 20 PD of esotro- 
pia, 10 PD of left hypertropia). E 

No overcorrections resulted in this 
series; might larger doses be advanta-. ; 
geous? In four cases these doses in- = 
duced a vertical deviation exceeding 2 
PDs that persisted for more than 6 ~ 
months, and in two of these cases the _ 
induced vertica! was a problem as > 
great as the initial deviation. Patient 4 
required strabismus surgery for the 
residual vertical deviation. Patient 13 > 
continued to have vertical diplopia for ` 
the 15-month follow-up period. Many 
of the muscles had heen previously op- otis 
erated on and recessed, requiring in-. 
jection in the posterior orbit, where 
overflow from large doses to the target 
muscle frequent y created side effects 
involving other muscles. Therefore, it 
is probably wiser to stay with smaller 
doses and consider reinjection when 
needed. Notice that medial rectus in- 
jection induces hypertropia of the in- 
jected eye (cases 1, 4, and 12) and lat- 
eral rectus injection induces hypotro- 
pia (cases 3 and 17). 

There were relatively few injections 
per patient. There was either fusion, 
stabilization, and success with align- ` 
ment after the first injection or failure 
of fusion and alignment was readily 
apparent, and such patients were not 
reinjected. The visual acuity result, 
deviation size, and duration of time 
since the retina: operation were not 
predictive of success or failure. We 
were surprised that motility restric- 
tion to passive duction (traction test) 
was also not predietive of injection 
outcome. In lateral rectus palsy cases, 
restriction of the medial rectus due to 
internal muscular contracture, re- 
sponsive to botulinum, could not be 
differentiated from external fibrotic — 
scarring unresponsive to botulinum? 
We suppose that some of the restric- 
tions in these cases were due to such 
contracture. Hewever, motility re- 
striction due to musele weakness was a 
barrier to permanent? correction by in- 
jection (cases 5 end 8). 

Injections seemed particularly use- 
ful in the following situations: In ease ~ 
1, anterior segment ischemia after the 
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"ET indicates esotropia; LHT indicates left hypertropia; XT, exotropia; and RHT, right hypertropia. 
 +RMR indicates right medial rectus; RLR, right lateral rectus; LLR, left lateral rectus; LMR, left medial rectus; LIR, left inferior rectus, RIO, right inferior oblique: and 
RIR, right inferior rectus. 
- HLH indicates left hyperphoria; X, exophoria; E(T), intermittent ET; X(T), intermittent XT; and E, esophoria. 
-MR indicates media! rectus; LR, lateral rectus. 


was 92 years of age and avoiding sur- 
gery was attractive. 








gery seem risky. In case 2, trans- 
section of the medial rectus 20 mm 
from the limbus at the time of retinal 
surgery was not favorable for surgical 
exploration and repair. Patient 5 had 
had a cataract removed and had a sec- 
ondary lens implant and a retinal 
buckle on each eye. The retinal surgeon 
believed the patient would be at high 
risk for redetachment if strabismus 
surgery were Dii Patient 17 


























a "Roth AM Sypnicki BA. Motility Sane 

_ following surgery for retinal detach ment. Am Or- 
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Be A Flanders M, Wise J. Surgical management ¢ of 
strabismus followi ing scleral buckling procedures. 
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In three of four cases combined hor- 
izontal and vertical deviations were 
corrected by simultaneous multiple 
muscle injections. 

While full correction of large devia- 
tions is difficult to achieve by botuli- 
num injection, some patients refused 
to consider another operation. The re- 
duction of deviation and restoration of 
binocularity in case 5 (40 PD) and case 
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Since Acuity in Deviation Deviation Diptopia,. Since 
No. and Last Eye Before at Last Y, N, or. Last 
Patient Type of Operation, Operated Injection, No.of Dose, Muscle Examination, Partial — injection, 
No. Operation mo on PD* injections U — Injectedt PDł (P) mo Comments§ _ 
1 1 Retinal 24 20/200 20 ET 1 1.50 RMR 2 LH N 96 MR injection reduced 
S CHT Fone Sa au tnete ae Ae ae, hypotropia 
2 1 Retinal 6 20/40 25 XT 1 5.00 RLR 6 X N 84 re 
3 1 Retinal 16 20/60  30XT 1 6.25 LLR Orthophoria N 10 LR injection induced _ 
t6 LHF č č hypotropia 
4 1 Retinal 9 20/60 12 ET 1 2.50 LMR 2 ET Y 6 MR injection induced 
6 LHT M 12 LHT hyperiropia 
5 2 Retinal 36 20/30 40 ET 10 5.00 RMR 20 E(T) P 72 impermanent effect due to 
(R +L) 20/30 5.00 LMR weakness of the 
antagonist tateral recti 
& 1 Retinal 7 20/40 18 XT 1 5.00 RLR 8 X(T) N 24 
7 2 Retina! 240 20/60 30 XT 5 10.00 LLR 8 XT P 12 
2 Strabismus Do 6 LHT 
8 1 R Retinal 180 20/40 20 ET i 6.25 LMR 15 ET Y 4 Poor effect due to 
1 L Retinal weakness of the 
3 Strabismus antagonist lateral rectus 
9 _4 Retinal 18 20/25 25RHT 1 5.00 UR 4X N 24 
10 3 Retinal 12 20/200 10 XT 1 5.00 LLR 10 XT Y 18 
1 Strabismus 10 LHT : 
{1 1 Retinal 4 20/100 25 ET 3 5.00 RMR 12E N 8 
5 LHT 5.00 RMR 
_ 2.50 RIO 
12 1 Retinal 9 20/40 6 ET 1 2.50 LMR 8 LHT Y 15 MR injection induced 
tee hypertropia 
13 1 Retinal 10 20/200 20RXT 3 3.75 RLR Orthophoria N 22 aes 
14.1 Retinal 8 20/400 18LHT 1 5.00 RIR Orthophoria N 5  Redetached, requiring 
_ reoperation at 5 mo 
15 1 Retinal 84 20/40 16 XT 1 3.75 RLR 10 XT Y 15 
3 LHT ; 1.25 RIR 2 LHT 
_ 6 1 Retinal 84 20/40 5 RHT 1 3.75 LIR 2LH N 9 : 
“47 1 Retinal 72 20/50 20 XT 1 5.00 RLR 8 X(T) P aR inicction reduced 
1 Strabismus 6 RHT hypertropia 
“18 1 Retinal 5 20/50 20ET 1 3.75 RMR Orthophoria N 10 E 
10 LHT 3.75 RIR 
149 1 Retinal 9 20/30  45XT 1 5.00 ALR 30 X N 10 
20 1 Retinal 14 20/50 12 LHT 1 2.50 RMR Orthophoria N 26 
10 ET 2.50 RIR 


19 (45 PD) show that even some large 
deviations are treatable by injection. 
No complications, such as redetach- 
ment, scleral perforation, or orbital 
hemorrhage, due to injection occurred 
in this series. 
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‘The Ocular Hypotensive Effect of the Topical Carbonic 













b L-5671, 152, a new potent water-sol- 
ble iahibitor of human carbonic anhy- 
_ drase il in vitro, was applied topically to 
- cynomolgus monkey eyes in which glau- 
oma had been produced by argon laser 
<. . photocoagulation of the trabecular mesh- 
ooo work. intraocular pressure was measured 
at @ bours, 0.5 hours, and hourly for 8 
hours | m eight eyes for 2 baseline days, 1 
receiving the vehicle and 5 days re- 
q therapy with 2% L-671,152 twice a 
iter initial single-dose trials of vari- 
encentrations. Intraocular pressure 
as not significantly different comparing 
‘baseline anc vehicle-treated days. Signif- 
“cant intraocular pressure reductions oc- 
-curred from 1 te 8 hours after the first 
dose, and lasted for at least 16 hours after 
thesecond cose. The reduction in intraoc- 
ular pressure became more pronounced 
from day 7 to day 5 at each time interval. 
The megan (= SEN) maximum reduction in 
intraocular pressure was 7.8+2.1 mm Hg 
on day 1 and 10.1 2.4 mm Hg on day 5 at 
3 hours after administration, comparing 
the intraocular pressure in drug-treated 
nd vehicle-treated eyes. L-67 1,152 has a 
‘duration of action than does previ- 
ously studied MK-927 in glaucomatous 
“monkeys. it appears to have great clinical 
potential. 
{Arch Ophihalmol. 1990; 108:5 11-513) 
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P revious evaluations of topically ap- 

plied carbonic anhydrase inhibitors 
in rabbits demonstrated that most of 
these compounds cause small intraoec- 
ular pressure (IOP) reductions of short 
duration.'* In contrast to previously 
evaluated agents, MK-927 (Fig 1) is a 
recently synthesized carbonic anhy- 
drase inhibitor possessing good aque- 
ous solubility.‘ The topical administra- 
tion of one drop of a 2% solution of 
MK-927 reduced IOP in rabbits,” glau- 
comatous monkeys,*® and in patients 
with ocular hypertension and early 
glaucoma.’ In the present study, we 
evaluated an analogue of MK-927, L- 
671,152 (Fig 2) (S,S-5,6-dihydro-4H- 
4- ethylamine- 6-methylthieno-(2,3-b)- 
thiopyran- 2-sulfonamide-7,7-dioxide 
HCl), which is closely related struc- 
turally to MK-927 and, like the latter, 
possesses good aqueous solubility. 
Moreover, L-671,152 is more potent 
than MK-927 at blocking carbonic an- 
hydrase II isolated from human red 
blood cells as reflected in their respec- 
tive inhibitory concentration of 50% 
values of 2.2 nm and 13.0 nm.” We in- 
vestigated the effect of topical admin- 
istration of L-671,152 on IOP in cyno- 
molgus monkey eyes in which elevated 
IOP was produced by circumferential 
argon laser photocoagulation of the 
midtrabecular meshwork. L-671,152 
substantially reduced intraocular 
pressure in this glaucomatous monkey 
model. 


MATERIALS AND METHODS 


Eight adult female cynomolgus monkeys, 
each weighing 3 to 4 kg, were used in this 
study. Elevated IOPs were induced in the 
monkeys by argon laser photocoagulation 
of the midtrabecular meshwork, using 50 to 
120 burns, 1.0 to 1.4 W of power, an exposure 
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.nhydrase Inhibitor L-671,152 in Glaucomatous Monkeys 









time of 0.5 seconds, and a spot size of 50 pm. i 
The animals were followed up and the drug 
testing was begun when a sustained, mod 
erate, consistent IOP elevation was 
produced. The monkeys were seated i 

specially designed primate chairs during al 
experiments. Intraocular pressure wa 
measured with a zalibrated pneumatome 
ter (Model 30 R, Digilab Ine, Cambridge 
Mass) following the tepical application. 0 
one drop of 0.5% proparacaine hydrochlo-. 
ride and ketamine hydrochloride, 1 to 5 See 
mg/kg, administered intramuscularly 5 
minutes prior to toncmetry for adequate a 
sedation. Ketamine anesthesia was used 
since this drug does not substantially alter 
IOP following intraocular“ or intravenous” 
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Fig 1.—The chemicai structure of MK-927, pe 
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Fig 2.—The chemical structure of L-67 1,152. 





administration in ae. 


tion in 0.5% aqueous hydroxyethyleellulose 
in concentrations of 0.5% ,1%, and 2%, with 
‘the pH in the range of 4.5 to 5.0. Hydroxy- 


tion. For all experiments, IOP was mea- 
sured at 0 hours, 0.5 hours, and hourly for 
a total of 8 hours. Two baseline days and 1 
. vehicle-treated day preceded drug testing. 
-Ön the fourth day of the single-dose studies, 
the monkeys were treated bilaterally with 
one 50-1 drop of 0.5% or 1% L-671,152. The 
IOP was also measured 24 hours after sin- 
_ple-dose drug applications. 

Multiple-dose studies were carried out 
< with one: 50-uL drop of 2% L-671,152 applied 
> to each eye twice daily at 8:30 AM and 4:30 
pm for 5 consecutive days following the 2 
baseline and 1 vehicle-treated days. The 
_ IOP was measured at the same times as de- 
< scribed in the single-dose studies. The IOP 

for each time of day during the treatment 

was compared with the IOP of the vehicle- 
‘treated day of the same monkey, using the 
“two-tailed, paired Student’s ¢ test. 
_ Aqueous humor flare and cells were de- 
‘termined by slit-lamp biomicroscopy at Lea 
nd 4hours after dr ug application with 
-maximal magnification in a dark room. 












RESULTS 


~The single-dose administration of 
0.5% L-671,152 to eight glaucomatous 
monkey eyes. significantly reduced 

<. ; 5) TOE f from 1 to! 5 hours after 















age + A 4 pie The IOP was no sig- 
nificantly reduced $ 24 hours after 




























: reduced P< 5) TOP i in a a. 
- matous monkey eyes from 1 to 8 hours 
after admin: stration (Fig 4). The max- 
imum IOP reduction occurred at 3 
-hours and was 10.9+2.2 mm Hg. In- 
~traocular pressure was not signifi- 
< cantly reduced at 24 hours after drug 
: application. 

A twice-daily administration of 2% 
C L-671,152 for 5 days significantly re- 
~ duced (P <.05) IOP from 1 hour to at 
> least 8 hours after the first dose, and 
lasted for at least 16 hours after the 
~-gecond daily dose compared with vehi- 
cle-treated eyes (Table). The maxi- 
mum reduction in IOP occurred be- 
tween 2 and 5 hours after each appli- 
cation. There was a trend toward a 
greater reduction in IOP from day 1 to 
ay 5 at each time interval. The max- 
imum IOP reduction was 7.8+2.1 mm 
Hg on day 1 and 10.1 +2.44 mm Hg on 
day 5 at 3 hours after therapy, com- 
paring the IOP in drug-treated and 
1 vehicle-treated eyes. 

= A significant difference in IOP was 
l not observed comparing the baseline 
: and vehiele-treated days at each time 
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O -671,152 was freshly prepared a as a n R 


ethylcellulose was used as the. placebo s solu~ | 
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Fig 3.— The effect of 0.5% L-67 1, 152 on intraocular pressure in eight glaucomatous monkey eyes. 
The drug-treated eye is significantly different from the vehicle-treated eye by paired Student's ? 


test (P < .05). 
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Fig 4.—The effect of 1% L-67 1,152 on intraocular pressure in eight glaucomatous monkey eyes. 
The drug-treated eye is significantly different from the vehicle- treated eye by paired Student's t 


test (P < .05). 


during the study. Tachyphylaxis was 
not encountered during the multiple- 
dose study. Anterior-segment inflam- 
mation was not observed on the slit- 
lamp examination. 


COMMENT 


This study demonstrates the effec- i icar e 
tiveness of single- and multiple-dose 


applications of L-671,152, a new topi- 
cally active carbonic anhydrase inhib- 





itor, in the glaucomatous monkey 
model. All three concentrations of the 
dr ug tested, 0.5%, 1%, and 2% L- 

371,152, significantly reduce (P <.05) 
IOP. The peak reduction in IOP with 

. L-671,152 is greater than (P <.05) 
t L-671,152, and is not signif- 
aap toa (P >.30) from that 
52 following a single 
a of pipet o both doses are, in 
all likelihood, at the top of the dose-re- 










Ocular Hypotensive Effect—Wang et al 






























* Drug4reatedieye is signticantly different compared with either the mean baseline or vehicle-treated eye by paired Student's t test (F<.05). 


sponse curve, On multiple-dose test- 
ing, the 2% concentration of the drug 
appears to-have ai least a 16-hour dura- 
ticmwof effect after the second daily dose. 
We orevicusly investigated the ef- 
feet-of the twice-daily administration 
oof 2% MK-927 for 5 days on the IOP of 
glaucomatous menkey eyes.’ Two per- 
ceat L-571,152 was studied in a similar 
manner to determine if it achieved a 
¿more persistent reduction in IOP on 


p repeated administration than 2% MK- 


327. Comparison ef the data from these 
two studies mdicates that the magni- 
tude of the TOP reduction (P >.10) is 
comparable with both 2% MK-927 and 
2% L-671,152 when administered twice 
‘daily for 5 days. However, 2% L- 
$71,152 has alonger duration of action, 
compared with 2% MK-927 in this 
model, Twe percent L-671,152 reduces 
{OP (P <.05)for at least 8 hours after 
the firs: daily dos# and for 16 hours af- 
ter the second daily dose. Two percent 
ME-927 redweed IOP for at least 8 
hoars after the first daily application 
of the drug, out its effect on IOP had 
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“eoi Glaucomatous Monkey Eyes 


Oh 0.5 h 2h 3h 4h 5h 6h 
| Baseline 3147+27 3140+27 309428 29.7427 296423 299424 304425 3052068 30.9428 30.1426 | 
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Teated, | day & 319425 306425 26.3417" 23.820.9" 22.1+0.9* 228+1.0* 23.0+1.1% 229+10* 23.4+09° 236+1.0° 
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worn off by 16 hours after the second 
daily application of the drug. Compar- 
ison of the two compounds in ocular- 
hypertensive pigmented rabbits indi- 
cates a greater peak IOP lowering and 
duration of effect with L-671,152 than 
with MK-927 in this species.’ Struc- 
tural analysis of the two compounds 
suggests that L-671,152 has a low 
energy conformation better suited for 
an interaction within the active site 
cavity of carbonic anhydrase II com- 
pared with MK-417, the more active 
enantiomer of MK-927. This structural 
analysis is supported by enhanced in 
vitro activity against carbonic anhy- 
drase II by L-671,152 compared with 
MK-927 and its S-enantiomer MK- 
417.28 

The mechanism(s) by which L- 
671,152 and MK-927 reduce IOP in 
monkeys is presumably by reducing 
aqueous humor production. This re- 
duction of aqueous inflow has been 
demonstrated in rabbits with MK- 
927.° The effect of L-671,152 on aqueous 
humor formation has not yet been de- 
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termined in any species. We are cur- 
rently examining the effect of L- 
671,152 on aqueows formation in mon- 
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-Ligneous Conjunctivitis With Ear Involvement 
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Richard A. Newman, MD, FACS; Daniel M. Albert, MD 


@ We report the association of ligneous 
‘conjunctivitis with middie-ear and tym- 
panic membrane involvement in two chil- 
dren. Eye and ear specimens revealed his- 
topathologic and ultrastructural findings 
consistent with ligneous conjunctivitis, 
characterized by an amorphous, eosino- 
- philic material with acute and chronic non- 
- granulomatous inflammation. Ear speci- 

‘mens demonstrated granulation tissue 
_ along with the above features. Conjuncti- 
> val and ear lesions from these patients 
4 were studied histochemically, immunohis- 
tochemically, and uitrastructurally. Our 
studies demonstrate fibrin and albumin 

eposition as a common feature in all 
lesions. Deposition of other components, 
such as mucopolysaccharides, amyloid, 
immunoglobulins, and mast cells, were, 
however, variable. The diversified nature 
‘of these lesions, together with the associ- 
ation of eye and ear disease, substanti- 
ates the existence of an underlying sys- 
temic disorder of unknown cause. 
(Arch Ophthalmol. 1990; 108:514-5 19) 


7 A neous conjunctivitis is a rare form 
““ of chronic pseudomembranous 
conjunctivitis that usually affects chil- 
dren. It is characterized by woodlike 
pseudomembranous lesions of the tar- 
sal conjunctiva that are often refrac- 
tory to a variety of therapies. These 

esions tend to recur following surgical 

xcision. 

Histopathologic examination re- 
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veals that the pseudomembranes are 
typically composed of subepithelial de- 
posits of eosinophilic, amorphous ma- 
terial with inflammatory cells. The 
pathogenesis is poorly understood and 
theories such as a vasculopathy,'? hy- 
persensitivity reaction,’ defective gly- 
cosaminoglycan metabolism,*’ exag- 
gerated inflammatory response,’ viral 
infection,’ and disturbed wound 
healing’? have been based on immuno- 
histochemical and light and electron 
microscopic studies. Deposition of var- 
ious substances found within ligneous 
lesions has prompted various treat- 
ments that have generally been unsuc- 
cessful. 

Although the ophthalmic manifes- 
tations are prominent, systemic in- 
volvement of other mucous mem- 
branes, such as the larynx,'*” vocal 
cords,'*'? trachea, nasopharynx,'*” 
vagina," and gingiva,’ has been re- 
ported. A familial predisposition'*>”* 
and systemic associations with hydro- 
cephalus,’ anophthalmos,’* and re- 
current respiratory infections’’ have 
been noted. 

We report a new association of lig- 
neous conjunctivitis with middle-ear 
and tympanic membrane involvement 
in two children. We examined the his- 
topathologic, histochemical, immuno- 
histochemical, and ultrastructural 
features of eye and ear lesions in these 
children. 


REPORT OF CASES 


Case 1.—A 6-year-old boy presented with 

a l-year history of stringy mucus in his 
eyes. His medical history was sig ifi 
for recurrent bilateral otitis me 
months of age, requiring 
lateral myringotomy tubes.. 
berant granulation tissue aroun 
together with recurrent episode: 
media and otorrhea, necessitates 
moval at the age of 2 years. On mic 


examination, this tissue revealed squamous 
mucosa, keratin granulomas, chronic in- 
flammation, and eosinophilic debris (Fig 1). 

Persistent growth of granulation tissue 
with recurrent episodes of otitis media and 
upper respiratory tract infections required 
reinsertion of bilateral myringotomy tubes 
and a concomitant tonsillectomy and ade- 
noidectomy. Tissue from the right tym- 
panic membrane showed keratinizing 
squamous mucosa with underlying necro- 
sis, keratin granulomas, and granulation 
tissue with chronic inflammation and calci- 
fication. Middle-ear tissue revealed cuboi- 
dal mucosa with subepithelial fibrin depo- 
sition and mild chronic inflammation. Ton- 
sillar and adenoidal tissue revealed marked 
follicular hyperplasia with prominent 
crypts and subepithelial fibrin deposition. 

At the age of 5 years, small papilloma- 
tous-appearing masses were noted on the 
right lower eyelid and both upper eyelids. 
Excisional biopsy of a right lower eyelid le- 
sion revealed a chronically inflamed con- 
junctiva with squamous epithelial hyper- 
plasia and fibrin deposition. Topical ste- 
roids were ineffective as the upper eyelid 
lesions continued to grow (Fig 2), thus 
causing a pseudoptosis. Microscopic exam- 
ination of the left upper eyelid excrescence 
revealed eosinophilic material and fibrin 
with granulomatous and nongranuloma- 
tous inflammation (Fig 3). Occasional mu- 
cin-positive cells were seen. 

Despite excision, the eyelid membranes 
persisted. Biopsy of the recurrent eyelid le- 
sions revealed a thickened conjunctiva with 
dyskeratotic epithelium. Subepithelial tis- 
sue contained a very thick eosinophilic 
mass of fibrin with acute and chronic non- 
granulomatous inflammation (Fig 4). Acid- 
fast and fungal stains were negative. 

Further treatment consisted of topical 
antibiotics, topical steroids, and 4% ero- 

The lesions gradually de- 
e next 2 years. At the 
patient has not experi- 
ed recurr f eye or ear involvement 
| is not. receiving medication. 
SE 2.—A 2-year-old girl presented with 
domembrane of the upper right tar- 
junetiva. This thick membrane re- 
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Fig 1.—Granulation tissue removed from left 
(top) and right (bottom) tympanic membrane of 
case 1 (aged 2 years) mvealing squamous 
mucosa, keratin granulomas, chronic inflam- 
mation, and eosinophilic cebris (hematoxylin- 
eosin, original magnifications X 12.6 [top] and 
X7.88 [bottom]). 


p$ 


_ oh 


Fig 2.—Left, Clinical appearance of patient 1, 
at 5 years of age, with membranous tissue (ar- 
rows) growing out and ower the right upper 
eyelashes. Right, Materia (arrows) growing 
out from underneath the le*t upper eyelid was 
also noted. 
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curred numerous times after it was peeled 
off the conjunctival surface (Fig 5). Exci- 
sional biopsy revealed thick amorphous, 
eosinophilic, fibrous material with few lym- 
phocytes, polymorphonuclear leukocytes, 
and plasma cells. Small areas of hemor- 
rhage and a few collections of epithelial 
cells were noted. 

Treatment, including topical hyaluroni- 
dase, chymotrypsin, cromolyn sodium, and 
systemically administered and topical ste- 
roids, had minimal effect on the right eye 
while controlling pseudomembrane forma- 
tion in the left eye. A superficial, recurrent 
membrane was again peeled off the upper 
right tarsal conjunctiva. This specimen 
consisted of very dense amorphic eosino- 
philic tissue with many polymorphonuclear 
leukocytes and a few lymphocytes and fi- 
broblasts. A few degenerating mononuclear 
cells were seen. Excision of deeper, friable 
tissue adherent to the tarsal conjunctiva 
revealed nonkeratinized squamous epithe- 
lium with superficial hemorrhage. The re- 
mainder of the tissue revealed dense, 
eosinophilic fibrovascular tissue containing 
scar tissue with acute and chronic nongran- 
ulomatous inflammation. 

The pseudomembrane re-formed and was 
excised on multiple occasions, only to ap- 
pear again within a short period. At the age 
of 3 years, microscopic examination of the 
right conjunctival lesion revealed an amor- 
phous, eosinophilic, fibrous material with a 
marked chronic nongranulomatous inflam- 
mation (Fig 6). 

The patient was treated with topical 
chymotrypsin and hyaluronidase drops. A 
gradual improvement was noted with reso- 
lution of the conjunctival membranes by 
the age of 4 years, thus leaving a thickened 
right tarsal conjunctiva with scarring and 
ptosis (Fig 7). 

At 4% years of age, a fluctuating hearing 
loss associated with chronic otitis media 
was noted. Antibiotic therapy in conjunc- 
tion with decongestant medication con- 
trolled the acute infections but failed to 
improve the hearing. Initial examination 
demonstrated bilateral thickened tympanic 
membranes with decreased mobility. 

At 5 years of age, a bilateral tube myrin- 
gotomy was performed. Tube removal was 
performed at 5% years of age. Biopsy of 
middle-ear mucosa revealed fibroblasts 
with moderate nongranulomatous inflam- 
mation (Fig 8). The tympanic membranes 
healed and no further drainage or residual 
conductive hearing deficit was noted. 


MATERIALS AND METHODS 


Formalin-fixed, paraffin-embedded spec- 
imens were stained for the following: (1) 
alcian blue with and without hyaluronidase 
for identification of mucopolysaccharides; 
(2) congo red for amyloid; (3) phosphotung- 
stic acid-hematoxylin for fibrin; and (4) 
Giemsa stain for mast cells. 

Paraffin-embedded, 6-um-thick sections 
of seven conjunctival lesions were prepared 
for immunoperoxidase staining for demon- 
stration of albumin, fibrinogen, IgG, and 
lambda and kappa light chains (Dakopatts, 
Dako Kits, Santa Barbara, Calif). 

Portions of one conjunctival specimen 
from case 1, and two conjunctival speci- 
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Fig 3.—Microscopic examination of the left upper eyelid excrescence of patient 1, at 6 years of 
age, revealed eosinophilic material (e) and fibrin with granulomatous and nongranulomatous in- 
flammation (hematoxylin-eosin, original magnification X 12.6). 





Fig 4.—Biopsy specimen of the recurrent conjunctival lesion from case 1 reveals a thickened 
conjunctiva with dyskeratotic epithelium. Subepithelial tissue contains a very thick eosinophilic 
mass of fibrin with acute and chronic nongranulomatous inflammation (hematoxylin-eosin, original 


magnification X 12.6). 


mens and one middle-ear specimen from 
case 2, were fixed in glutaraldehyde and 
embedded in epoxy resin (Epon) for elec- 
tron microscopic examination. 


RESULTS 


Immunohistochemical and his- 
tochemical analyses are summarized 
in the Table. 

Electron microscopy of a conjuncti- 
val lesion of case 1 revealed dense in- 


filtrates of homogeneous and fibrillar 
material, consistent with fibrin and 
collagen among epithelial cells, lym- 
phocytes, plasma cells, mast cells, and 
erythrocytes (Fig 9, A and B). Con- 
junctival lesions of case 2 demon- 
strated similar morphologic features 
(Fig 9, C). Electron microscopy of a 
middle-ear lesion of case 2 showed fi- 
brin and collagen with degenerated 
epithelial cells among degranulated 
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Fig 5.—Clinica! appearance of patient 2, at 2 years of age, with a 
pseudomembrane of the upper right tarsal conjunctiva. This thick mem- 
brane recurred numerous times after it was peeled off the conjunctival 


surface. 





Fig 6.—Microscopic appearance of right con- 
junctival membrane from case 2, at 3 years of 
age, reveals amorphaus, eosinophilic, fibrous 
material with a marked chronic nongranuloma- 
tous inflammation (hematoxylin-eosin, original 
magnification X3 1.5). 


mast cells, histiocytes, macrophages, 
fibroblasts, plasma cells, polymorpho- 
nuciear leukocytes, erythrocytes, and 
lymphocytes (Fig 9, D). There was no 
ultrastructural evidence of vascular 
abnormalities m the lesions studied. 
COMMENT 

Eye and ear specimens from two 
children reveaied the characteristic 
histopathologic and ultrastructural 
features of ligneous conjunctivitis. 


Ear and conjunctival disease were 
clinically similar in that lesions re- 


Arch Ophthalmo!— Voi 108, April 1990 


> yy, , 
AN ; 5, 
e  &..6 


> 


T A tth ey 








Fig 7.—Clinical appearance of patient 2 after gradual resolution of the 
conjunctival membranes by the age of 4 years, thus leaving a thickened 
right tarsal conjunctiva (arrow) with scarring and ptosis. 
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Fig 8.—Biopsy specimen of middle-ear mucosa from case 2 shows subepithelial fibroblasts with 
moderate nongranulomatous inflammation (hematoxylin-eosin, original magnification X35. 1). 


curred despite various medical and 
surgical interventions. Gradual reso- 
lution of both eye and ear disease sub- 
sequently occurred. 

Our findings reveal that the constit- 
uents of ligneous conjunctival lesions 
are variable, with the exception of 
fibrin and albumin. Mucopolysaccha- 
ride deposition was mild or absent, and 
was variably sensitive to hyaluroni- 
dase digestion. Occasional mast cells 
were noted in only two conjunctival 
specimens and in one middle-ear le- 
sion. All specimens demonstrated sig- 
nificant fibrin deposition by phospho- 
tungstic acid-hematoxylin staining, 
electron microscopy, and immunohis- 


tochemical studies. Albumin was dem- 
onstrated in all specimens by immu- 
noperoxidase staining. One lesion was 
partially made up of amyloid, possibly 
secondary to chronic inflammation. 
Ultrastructural evidence of amyloid 
deposition was not observed. 
Deposition of various substances 
within the lesions of ligneous conjunc- 
tivitis has prompted various therapeu- 
tic modalities. Mucopolysaccharide 
deposition has resulted in the use 
of hyaluronidase and chymotryp- 
sin.!?51%2 Infiltrates of mast cells 
within ligneous tissues have given sup- 
port for a hypersensitivity reaction 
and the use of cromolyn, an inhibitor 
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Case/ 
Age, y 


1/6 


1/6% 


2/2 


2/2 


2/2 


2/2% 


2/3 


Specimen 
Conjunctiva OS 


Conjunctiva OS 


Conjunctiva OD 


Conjunctiva OD 
(superficial) 


Conjunctiva OD 
and tarsus 


Conjunctiva OD 


Conjunctiva OD 


Histochemical and Immunohistochemical Features of Ligneous Conjunctival Lesions 


Alcian Blue 
m SS  ., 


Histopathologic Without With 
Findings PTAH Hyaluronidase Hyaluronidase Giemsa Congo Red 
Fibrin with chronic + + + - — 


granulomatous and 
nongranulomatous 


inflammation 

Eosinophilic mass fibrin + + + Occasional 1of3 
with acute and chronic mast cells sections 
nongranulomatous + 
inflammation 

Fibrin with chronic and + — = — — 


acute inflammation; 
exudate and necrotic 
debris 


Amorphous, eosinophilic T + + 1 mast cell — 
mass with acute noted 
and chronic 
nongranulomatous 
inflammation 


Tarsus and meibomian + + + _ _ 
glands with eosinophilic 
fibrovascular tissue with 
acute and chronic 
nongranulomatous 


inflammation 

Amorphous, eosinophilic + — — = aah 
material with cellular 
debris 

Amorphous, eosinophilic + + ~ 5 zt 


fibrous material with 
nongranulomatous 
inflammation 


* PTAH indicates phosphotungstic acid-hematoxylin; plus sign, positive; and minus sign, negative. 





Fig 9.—Electron microscopy of a conjunctival lesion (A and B) from case 1 reveals dense infil- 
trates of homogeneous and fibrillar material, consistent with fibrin (F) and collagen (C) with plasma 
cells (A, arrow) containing endoplasmic reticululm (ER) and polymorphonuclear leukocytes (B, ar- 
rows) (hematoxylin-eosin, original magnifications X22 200 [A] and X9800 [B]). C, Conjunctival 
lesions of case 2 demonstrated similar morphologic features (hematoxylin-eosin, original magni- 
fication X30 250). D, Electron microscopy of a middle-ear lesion of case 2 showing fibrin with a 
plasma cell (arrow) containing endoplasmic reticulum (ER) (hematoxylin-eosin, original magnifica- 
tion X9400). 
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of mast cell degranulation.'? Other 
studies suggest that the eosinophilic, 
hyaline material is composed mainly 
of fibrin, thus prompting treatment 
with fibrinolysin.??!? 

Holland et al’ demonstrated an ex- 
aggerated immune response consist- 
ing of activated T lymphocytes with a 
focal accumulation of plasma cells, B 
lymphocytes, and IgG.° In this report, 
a dramatic response to cyclosporine 
was demonstrated. Azathioprine, an- 
other T-cell suppressor, has also been 
effective in some cases.""!! 

Hidayat and Riddle! demonstrated 
albumin, fibrin, and immunoglobulin 
deposition and postulated a vascular 
hyperpermeability as the cause of lig- 
neous conjunctivitis. Electron micro- 
scopic studies revealed few abnormal 
blood vessels with wide gaps between 
endothelial cells that were surrounded 
by a multilaminar basement mem- 
brane.' We found a predominance of 
endothelial hyperplasia on light mi- 
croscopy but did not ultrastructurally 
observe vascular abnormalities in the 
tissues studied. 

Although these isolated reports are 
encouraging, ligneous lesions are gen- 
erally refractive to most therapies.! 
Both of our patients demonstrated a 
gradual resolution of eye and ear in- 
volvement, but with different thera- 
peutic modalities. Case 1 improved 
with the use of antibiotics, steroids, 
and cromolyn, while case 2 resolved 
with the use of hyaluronidase and 
chymotrypsin. Resolution of active 
disease in these patients does not cor- 
relate with a particular therapy. Given 
the diversified nature of these lesions 
and variable response to treatment, 
limitations exist in evaluating the 
pathogenesis of and therapy for this 
disorder. 

Associations of ligneous conjunc- 
tivitis with systemic involvement of 
other mucous membranes have been 
reported. Conjunctiva, tympanic 
membrane, and middle-ear mucosa are 
histologically similar, consisting of an 
epithelium resting on a well-vascular- 
ized, lymphoid lamina propria. Mucus- 
producing goblet cells with numerous 
microvilli are abundant in these 
tissues. It is probable that a vascu- 
lar permeability leads to an outpour- 
ing of various plasma components. The 
primary causes and proper treatment 
of this mucous membrane vasculopa- 
thy remain unknown. A new associa- 
tion of eye and ear disease substanti- 
ates the existence of an underlying 
systemic disorder in ligneous conjunc- 
tivitis. 


This investigation was supported in part by the 
Massachusetts Lions Eye Research Fund. 

We gratefully acknowledge Max Goodman, MD, 
for his helpful commeats. 
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Effects of Vasocon-A in the Allergen Challenge Model of 


Acute Allergic Conjunctivitis 


be -Mark B: Abelson, MD; Andre Paradis, MD; Michelle A. George; Lisa M. Smith; Leo Maguire, MD; Richard Burns, MD 


a. The ophthalmic combination product 
of: 0.05% % naphazoline hydrochloride and 
0.5% antazoline- phosphate (Vasocon-A) 
was evaluated as an antiallergic agent in 
00 subjects with a known allergic history 
ocat dander, ragweed, or bluegrass pol- 
en. Three independent study sites were 

xd. The allergen challenge mode! of 
-acute allergic conjunctivitis was selected 
-to assess the agent as it provided a stan- 





` dardized and precise way to measure drug 


effectiveness for this indication. In a dou- 
-- ble-masked randomized fashion, the sub- 
; = jects were assigned to one of three groups 
_ that received one drop of Vasocon-A in 
~ one eye and one drop of either 0.05% 
naphazoline (group 1), 0.5% antazoline 
(group 2), or placebo (group 3) in the con- 
tralateral eye. After 10 minutes, the dose 
of allergen shown to elicit a 2+ redness 
and itching reaction was instilled bilater- 
ally. Signs and symptoms of allergic con- 
junctivitis were evaluated after 3, 5, and 
-- 40 minutes. Subjects were then rechal- 
z. lenged 2 hours after drug administration to 
assess the duration of action of the 
` agents. Vasocon-A was found to signifi- 

cantly inhibit all five major signs and symp- 
toms of allergic conjunctivitis: itching, red- 

ness, chemosis, lid swelling, and tearing, 

for more than 85% of the comparisons 
_ when compared over time with placebo, 
= naphazoline alone, or antazoline alone. 


~. The results of this study indicate that the 
~ combination of naphazoline and antazo- 


line was more effective in inhibiting red- 
ness than naphazoline and more effective 
_ in inhibiting itching than antazoline. These 
findings support the use of such a combi- 
nation for the treatment of allergic con- 
junctivitis. 

(Arch Ophthalmol. 1990; 108:520-524) 
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Allergic conjunctivitis can range in 
severity from seasonal hay fever- 
type conjunctivitis, which can be de- 
bilitating to the patient but often self- 
limiting, to vernal conjunctivitis, a 
much more persistent condition that 
can be accompanied by structural 
changes and can even lead to “shield” 
ulcers, scarring, and vascularization of 
the cornea.’ 

The allergen challenge model suc- 
cessfully elicits the clinical course of 
events of a naturally occurring allergic 
reaction. It also provides a unique sit- 
uation in which to view this reaction 
and its response to pharmacologic 
agents. In environmental studies, 
varying individual response, fluctuat- 
ing exposure to the causative allergen, 
and lack of standardized grading tech- 
niques can undermine statistical anal- 
yses. The allergen challenge model 
produces a measurable and reproduc- 
ible reaction and allows for more ac- 
curate comparisons using precise 
grading systems and internal 
controls.’ This sensitivity is of partic- 
ular importance when analyzing com- 
bination products in which a syner- 
gism of the individual components 
must be statistically shown. 

Vasocon-A (a combination product 
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of 0.05% naphazoline hydrochloride 
and 0.5% antazoline phosphate) has 
been widely used in the United States 
since 1962. While practitioners and 
patients were appreciative of its ther- 
apeutic benefits, its efficacy has been 
questioned due to the Food and Drug 
Administration review of all combina- 
tion drugs. 

In the last 15 years, studies have 
identified that histamine is the pri- 
mary mediator released from mast 
cells at the time of antigen-induced 
degranulation,’ and H, and H, recep- 
tors have been identified in the 
conjunctiva.** Previous studies using a 
histamine model have shown antazo- 
line and naphazoline to be effective in 
blocking H, receptor-induced itching 
and nonspecific H, receptor-induced 
redness, respectively. While the his- 
tamine model is highly indicative of an 
agent’s mode of action, the clinically 
relevant allergen challenge model 
more closely reflects a drug’s activity 
in allergic conjunctivitis. The objective 
of this study was to evaluate the effi- 
cacy of Vasocon-A, compared with pla- 
cebo and its individual components, in 
the allergen challenge model of acute 
allergic disease. 


MATERIALS AND METHODS 


The detailed methodology of this study 
has been reported previously. Only nor- 
mal, healthy volunteers who were not using 
any type of topical agent or systemic med- 
ication that may have interfered with re- 
sults were allowed to enter the study. Three 
types of allergens were used: Kentucky 
bluegrass (Poa praiensis), short ragweed 
(Ambrosia artemisiifolia), and aeetgenic 
extract of cat hair and dander (Felis d 
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Four dilutions were prepared from the 
stock solution of cat allergen (50000 AU/ 
mL), ranging from 125 to 1250 AU per 25-uL 
dose. 


< mesticus). The first two allergens were pro- 
- cured from MHollister-Stier (Spokane, 

Wash) and tae cat extract was obtained 

frem ALK America, Inc (Milford, Conn). 
_ Six serial dilutions were prepared from the 
_ Steck solutions. of bluegrass and ragweed 
- (1000900 allergen units [AU] per milliliter), 
ranging from.1% to 625 AU per 25-uL dose. 


Day 1, Visit 1 


Each subject’s demographic data, medi- 
cal and medication history, and informed 








Sy siem | to Measure the Signs and Symptoms of 


onjunctivitis 






siaderate 
severe 








pe = mit EN with slit lamp, conjunctiva separated from sclera) 
24+ = moderate {visually evident, raised conjunctiva, especially at limbal area) 
- 3+ = severe (ballooning of conjunctiva) 














: none: 
` t+ = mila (eyes feel sligntly watery) 

' 24+ = moderate (blows nose occasionally) 
l kaam sewere (tears rolling down ehewt=) 

Itoi ing (greded by subject) 














= . will (intermittent tickling sensation) 
2+ = meotierate {continual awareness but without the desire to rub eyes) 
severe (continual awareness with the desire to rub eyes) 
incapacitating (subject cannot resist urge to rub eyes) 
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Ciliary Sum 
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Conjunctival 
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~ SVasocon- -Å isthe combination product of 0.05% naphazoline hydrochloride and 0.5% antazoline phosphate. 





consent were obtained. If prior written 
documentation of allergy, identified by pos- 
itive skin or radiodilergosorbent tests, was ©: 
not available for the subject, as stfor 
the suspected allergen was then performed,” 
A baseline slit-lamp examination was pe 
formed, and subjects were excluded if they : 
had any signs or symptoms of allergic con- 
junctivitis. Based en the subject’s allergic <- 
sensitivity, one of the three allergens was > 
used for the conjunctival allergen chal- — 
lenge. If the subject did not respond to the 
first allergen tested, he or she was chal- 
lenged with another allergen to which he or 
she was sensitized. 

A measured drop of diluent (25 uL) was 
instilled in the conjunctival sac of one eye. 
If, within 10 minutes, the subject’s eye did 
not manifest signs:or symptoms of irrita- ` 
tion, 25 uL of the lowest dose of allergen to >~ 
which the subject was sensitive was in- =“ 
stilled in the conjunctival sac of the con- => 
tralateral eye. If the subject did not react ` 
with 2+ ciliary, coajunctival, or episcleral 
hyperemia and 2+ itching, the next highest 
dose of allergen was instilled in the con- - 
junctival sac of the other eye. | serially 
increasing doses were instilled in alternate : 
eyes every 10 minutes antil a 2+ ‘hyperem a 
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al, and ciliary hyperemia; chemosis; lid 
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Swelling 








Tearing 











Atching 


























<.001 <.001 <.001 .008 NS ___ <.001 NS 
B =A] Sud -915 ~0.26 =£.57 
<.001 <.001 <.001 .005 NS <.601 NS 
—1.29 — 1.46 —4.07 —0.31 — 1.68 
<.001 <.001 <.001 <.001 .019 <.601 
~1.29 = 1.25 —3.71 ~0.53 0.16 ~ t.40 
2 _ Antazoline (n = 33) rae a en en 
<.001 <.001 <.001 .048 NS NS NS 
—0.89 —0.99 —2.92 —0.18 
<.001 <.001 <.001 .030 NS NS NS 
—1.12 1.18 ~3.44 ~0.24 
<.001 <.001 <.001 .009 .026 NS NS 
= 1215 — 1.00 3.27 -0.26 =O. P 
E Naphazoline (n = 33) —* ee ce 
<.001 004 <.001 <.001 NS NS 
0.62 —0.52 0.56 — 1.70 
<.001 <.001 <.001 <.001 -005 NS <.001 NS 
___ 0.89 —0.67 -0.86 —2.42 —0.33 aed. . 
-004 001 <.001 <.001 015 NS <.061 NS 
~0.56 —0.58 =0.72 — 1.86 —0.26 sca 


Ve ues are-signiicant P values and the corresponding differences between the means of the Vasocon-A group vs the placebo group, the antazoline group, and the 







ot significant. 
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4 aaphazoline group following the initial allergen challenge. Data are organized by measured variable and amount of time that elapsed after allergen challenge. NS indicates 
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Variable 
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Time Conjunctival 
_Point, min Hyperemia 
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029 


_ Mean 4 —0.33 


“*Vasocon-A i is the combination product of 0.05% naphazoline hydrochloride and 0.5% antazoline phosphate. 
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dA ctl, Se ci 


~0.49 — 1.05 
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Swelling 
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. 4{Valúes ate significant P values and the corresponding differences between the means of the Vasocon-A group vs the placebo group, the antazoline group, and the 
naphazoline group following allergen rechallenge 2 hours after drug administration. Data are organized by measured variable and amount of time that elapsed after al- 


lergen challenge. NS indicates not significant. 


‘swelling; tearing; and itching were graded 
-according to a standardized scale (Ta- 
` ble 1). 


Day 4, Visit 2 


_ All subjects who sufficiently responded 
on day 1 returned 3 days later. A baseline 
slit-lamp examination was performed, and 
subjects were excluded if they had any signs 
or symptoms of allergic conjunctivitis. The 
“game allergen and dose that elicited the 
<: 2+ hyperemia and itching reaction on the 
‘previous visit was administered to each 
subject. If they again responded with at 
least a 2+ hyperemia and itching score, 
confirming that their reaction was repro- 
-ducible, they were continued to the drug 
‘test day. 


Day 8, Visit 3 


-© A baseline slit-lamp examination was 
performed; subjects were excluded if they 
exhibited signs or symptoms of allergic 

> conjunctivitis. Subjects were randomly as- 
_ signed to one of three treatment groups. All 

. groups received two drops of Vasocon-A in 
_ one eye and in the fellow eye received two 
drops of either 0.05% naphazoline hydro- 


-chloride (group 1), 0.5% antazoline phos- 


phate (group 2), or placebo (group 3) in a 
double-masked fashion. 

Immediately following, the eyes were 
evaluated for stinging, tearing, and red- 
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ness. Ten minutes after drug administra- 
tion, the allergen dose previously identified 
was then instilled bilaterally. The five ma- 
jor parameters of allergic conjunctivitis— 
ciliary, episcleral, and conjunctival injec- 
tion; chemosis; lid swelling; tearing; pres- 
ence or absence of mucous discharge; and 
itching—were evaluated at 3, 5, and 10 
minutes after allergen challenge. Photo- 
graphs were taken immediately following 
the 10-minute evaluation. 


Day 8, Visit 4 


To test the duration of action of the com- 
pounds, the subjects were again challenged 
with allergen 2 hours after drug adminis- 
tration. The allergen dose previously used 
was instilled bilaterally. Signs and symp- 
toms were reevaluated at 3, 5, and 10 min- 
utes after allergen challenge. Photographs 
were taken immediately following the 10- 
minute evaluation. 

Data were analyzed using a Wilcoxon 
matched paired signed-rank test. If there 
were significant baseline differences, the 
mean differences were adjusted in the 
paired analysis. 


RESULTS 


One hundred forty-seven subjects 
with a known sensitivity to cat dander, 
ragweed, or bluegrass pollen were 








screened. Of the 117 subjects who re- 
sponded positively to allergen chal- 
lenge on visit 1, 102 (87%) responded 
again on visit 2 with at least 2+ red- 
ness and itching scores to the same al- 
lergen dose. Two subjects were un- 
available on the last day; one subject 
had taken a prohibited medication, 
and one subject failed to come to his 
scheduled appointment. 

Of the 100 subjects who completed 
the study, 23 were sensitive to cat dan- 
der, 29 were sensitive to ragweed pol- 
len, and 48 were sensitive to bluegrass 
pollen. The numbers per site and per 
treatment group were statistically 
similar. 


initial Challenge, Visit 3 


For each treatment group, there 
were seven parameters graded at six 
time points, with 48 data points as- 
sessed in total. The combination of 
naphazoline and antazoline signifi- 
cantly inhibited 41 (85%) of these 48 
data points. The degree of difference 
between the combination and the con- 
trol compounds, as well as the corre- 
sponding P values, has been summa- 
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Fig 1.—The effects of Vasocon-A (combination product of 0.05% naphazoline hydrochloride and 0.5% 
antazoline phosphate) (left) vs placebo (right) pretreatment on the signs of allergic conjunctivitis elicied by 
bilateral ocular allergen challenge. 








Fig 2.—The effects of a bilateral ocular allergen rechallenge 2 hours after initial administration of Vas »con- 
A (combination product of 0.05% naphazoline hydrochloride and 0.5% antazoline phosphate) in one eye (left) 
and placebo in the contralateral eye (right). 


rized in Table 2. 

At the 3-, =, and 10-minute evalua- 
tions followiag the initial challenge, 
the combinat«on-treated eyes were sig- 
nificantly les red than the placebo-, 
antazoline-, or naphazoline-treated 
eyes for cilizry, episcleral, and con- 
junetival hyperemia when analyzed 
individually and when the three scores 
were summer (Fig 1). 

Vasocon-A was significantly better 
than was plazebo or naphazoline at in- 
hibiting itchmg at the 3-, 5-, and 10- 
minute evaluations after initial chal- 
lenge. The combination was not signif- 
icantly different from  antazoline 
alone. At the 10-minute examination, 
the combination significantly inhib- 
ited lid swelling compared with pla- 
cebo and antzzoline but not naphazo- 
line. The cambination-treated eyes 
had significaatly less chemosis than 
did the place »o- or antazoline-treated 
eyes at all tme points, and signifi- 
cantly less than the naphazoline- 
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treated eyes at the 5- and 10-minute 
examinations. The combination signif- 
icantly inhibited tearing when com- 
pared with placebo at the 10-minute 
evaluation. Differences in tearing be- 
tween the combination and its individ- 
ual components were not detectable. 


Rechallenge, Visit 4 


The degree of difference between the 
combination and the control com- 
pounds, as well as the corresponding 
P values, has been summarized in Ta- 
ble 3. 

The antihistamine-vasoconstrictor 
combination significantly reduced red- 
ness compared with placebo or anta- 
zoline in the separate evaluations of 
episcleral, conjunctival, and ciliary hy- 
peremia at 3, 5, and 10 minutes fol- 
lowing rechallenge (Fig 2). In the 
comparison of the combination with 
naphazoline, ciliary hyperemia was 
significantly inhibited at 3, 5, and 10 
minutes; conjunctival hyperemia at 5 


and 10 minutes; and episcleral hyper- 
emia at 5 minutes following rechal- 
lenge. When the hyperemia scores 
were summed, th2 combination signif- 
icantly inhibitec redness compared 
with placebo, an-azoline, or naphazo- 
line at all time points. 

Itching was sgnificantly inhibited 
by Vasocon-A conpared with placebo 
or naphazoline a't 3, 5, and 10 minutes 
following the 2-hour rechallenge. Dif- 
ferences in itching between the combi- 
nation and antazeline were not detect- 
able. 

The Vasocon-a-treated eyes were 
significantly less chemotie than the 
placebo-treated eyes at the 3-, 5-, and 
10-minute evaluetions. The combina- 
tion was also significantly better than 
antazoline at suporessing chemosis at 
5 and 10 minutes. No detectable dif- 
ference in chemosis was noted between 
the combination and naphazoline. 

Lid swelling wes significantly less in 
the combination treated eyes at 10 
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| minutes when compared with rete: 
~ and at 5 and 10 minutes when com- 
~ pared with antazoline. No detectable 

differences were noted between the 
combination and naphazoline. 

Vasocon-A significantly decreased 
tearing when compared with placebo 
at 5 and 10 minutes after rechallenge. 
Differences in tearing between the 
combination and its individual compo- 
nents were not detectable. 


COMMENT 


<: In the initial challenge, the combi- 
ation of naphazoline and antazoline 
jas significantly more effective than 
placebo for all parameters: hyperemia, 
chemosis, lid swelling, itching, and 
- tearing. Thus, this antihistamine-vas- 
_ oconstrictor combination was proved 
_ effective in inhibiting all of the major 
signs and symptoms of allergic con- 
- junetivitis. When comparing Vasocon- 
A with its individual components, it 
¿was found that the combination was 
_ significantly better than antazoline for 
_ hyperemia, chemosis, and lid swelling, 
- but not itching. It was also signifi- 
cantly better than naphazoline, the 
vasoconstrictor, for inhibiting hypere- 
mia, chemosis, and itching, but not lid 
- swelling. 
© Antazoline is an H, receptor antag- 
-nist and, as such, inhibits itching, the 








1, Allansmith MR, Abelson MB. Ocular aller- 
gies. In: Smolin G, Thoft RA, eds. The Cornea. 
-- Boston, Mass: Little Brown & Co Ine; 1983:231-243. 
. 2, Abelson MB, Chambers WA, Smith LM. 
- Conjunctival allergen challenge: a clinical ap- 
proach to studying allergic conjunctivitis. Arch 

Ophthalmol. 1990;108:84-88. 
- 3. Abelson MB, Allansmith MR. Histamine and 
- the eye. Im Silverstein AM, O'Connor GR, eds. 
Immunology and Immunopathology of the Eye. 


primary event mediated by histamine 
H, receptors in the eye.’ Naphazoline is 
an a-adrenergic receptor agonist that 
elicits nonspecific local vasoconstric- 
tion.’ The clinical findings observed 
were in accordance with the expecta- 
tions of the pharmacological activities 
of these two agents. The combination 
was significantly more effective than 
antazoline alone in controlling all 
symptoms precipitated by vasodila- 
tion: hyperemia, chemosis, and lid 
swelling. Similarly, Vasocon-A was 
significantly more effective than naph- 
azoline in inhibiting itching at all time 
points. 

The results obtained for hyperemia 
showed the combination to be more ef- 
fective than the vasoconstrictor alone. 
Antazoline may be responsible for this 
apparent synergism due to limited H, 
receptor antagonism. Histamine H, 
receptors have been shown to mediate 
vasodilation and its related events.’ 
Pure H, antagonists are rare, and it is 
plausible that antazoline may show 
some H, activity. However, the mag- 
nitude of antazoline’s H, effect was not 
sufficient to adequately control vasodi- 
lation, as Vasocon-A was statistically 
and clinically superior to antazoline 
alone for this parameter as well as for 
other parameters associated with ves- 
sel leakage. 
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The duration of action of Vasocon-A 
was assessed by allergen rechallenge 2 
hours after drug administration. This 
combination was significantly more 
effective than placebo for all parame- 
ters, thus proving the combination to 
be effective for a minimum of 2 hours. 
The comparison of the combination 
with its individual components was 
consistent with the findings shown at 
the initial challenge. 

Vasocon-A, as a combination prod- 
uct, was significantly more effective 
than its individual components and 
placebo in controlling the clinically 
relevant manifestations of ocular al- 
lergic disease. Thus, it appears that 
Vasocon-A could be an excellent ther- 
apeutic agent for use in mild to mod- 
erate allergic disease. It should be 
noted, however, that more severe cases 
may require additional therapy. 
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Prediets Colorectal Polyposis in Gardner’s Syndr 


œ We studied prospectively the utility of 
-. Gongenitalyypertrophy of the retinal pig- 
-ment epithelium as a predictor of colonic 
| polyposis is offspring of patients with fa- 
mdial adenametous polyposis with extra- 
cclonic menifestations (Gardner's syn- 
drome}. After they underwent initial indi- 
_ rect ophthaimeoscopy, we followed up 34 
zoo individualsaft 59% genetic risk for familial 
adenomatous polyposis with extracolonic 
manifestations-due to an affected parent. 
Al 34 ebtamec thair first colorectal endo- 
-scopic examination during a follow-up pe- 
tied of up ic: 4 years, The 16 individuals 
whe did net save congenital hypertrophy 
sf the retinal pigment epithelium (aged 13 
to: 40. years; mean, 25 years) remained 
polyp free, while 14 of 18 individuals with 
congenital sypertsophy of the retinal pig- 
ment epitre ium faged 9 to 30 years; 
mean, 18 years) were found to have colo- 
rectal aderomatous polyposis. Our find- 
ings indicate that the presence of multiple 
patches of corgesital hypertrophy of the 
retinal pigmen? epithelium in children and 
young aduks:al risk for familial adenoma- 
tous polyposis with extracolonic manifes- 
tations is 2 clinically useful predictor of 
- eclorectal oclyposis. 
Areh Opethainrol. 1990; 108:525-526) 
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Pramilial adenomatous polyposis is 
an autosomal dominant condition 
characterized by the development in 
childhood or adolescence of hundreds 
to thousands of adenomatous colonic 
polyps. Some patients have one or 
more of the following extraintestinal 
findings: benign soft-tissue or bone tu- 
mors (including clinically occult radio- 
paque jaw lesions), desmoid tumors, 
and extracolonic cancers.'” The occur- 
rence of familial adenomatous polypo- 
sis with extracolonic manifestations 
(FAP-EM) has been termed Gardner’s 
syndrome. The presence in patients 
with FAP-EM of pigmented ocular 
fundus lesions resembling congenital 
hypertrophy of the retinal pigment 
epithelium (CHRPE) was first de- 
scribed by Blair and Trempe’ in 1980. 
Since then, this extraintestinal finding 
has been confirmed in a large number 
of kindreds worldwide.*' These ocular 
lesions have also been reported in pa- 
tients from kindreds with familial 
adenomatous polyposis without extra- 
intestinal manifestations (FAP)?! 
In a previous case-control study,’ we 
found multiple patches of CHRPE to 
be specific and sensitive clinical mark- 
ers for FAP-EM. We postulated, as 
others had done before,’ that their 
presence in an individual at genetic 
risk for FAP-EM due to an affected 
parent indicates probable inheritance 
of the abnormal gene. We tested this 
hypothesis in a prospective study of 
individuals at risk for FAP-EM who 
had not undergone previous colorectal 
endoscopy. 


PATIENTS AND METHODS 


Thirty-four individuals at 50% genetic 
risk for FAP-EM who had not undergone 
colorectal endoscopy received complete 
ophthalmologic examinations. These 34 in- 
dividuals came from 18 CHRPE-positive 
families. Informed consent was obtained 
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from all patients o” parents of minors. The 
presence of multipk: pacches of CHRPE: was. 
not used as a determining factor for per- 
forming a colorectal ex mination. Patien S 
were advised to vndergo routine colono- - 
scopic examinatiors according to their phy- 
sician’s routine for thie cendition; this usu- | 
ally entailed a flexddle sigmoidoscopy early 
in the second decade of life or earlier if = 
symptoms suggest ve ef colorectal polypo- = 
sis appeared. ae 

Familial adenomatous polyposis with ex- 0 
tracolonic manifeszatiens was defined asa ~~ 
combination of colonic adenomatous poly- 
posis (>100 colorectal polyps), and one or ` 
more of the followmg: senign soft-tissue or ` 
bone tumors, incladinzg occult radiopaque 
jaw lesions, desmoid tumors, or extra- 
colonic cancers (araia, thyroid, adrenal — 
gland, hepatoblascoms). If one or more > 
members of a kinered had extraintestinal | - 
findings, the kindred was diagnosed as hav- — 
ing FAP-EM, 

An individual wes considered positive for 
the presence of CE: RPE when four or more 
lesions were founc in ene or both eyes. 











RESUETS 


Patches of CHRP were present in = 
significant numbers (4) in 18 pa- 
tients (aged 9 te 3C years; mean, 18 
years) at risk for FAP-EM. Subse- > 
quent colorectal «xamination revealed 
the presence of polyps in 14 patients; 
endoscopic examana‘ions yielded nor- © 
mal findings in 4 patients aged 12,13, © 
18, and 27 years. Sixteen patients (aged 
13 to 40 years; mean, 25 years) with ` 
normal ocular examination findings 
were all free of colorectal polyps on 
subsequent endcscopic examinations. > 
The difference between the outcome 
(development of zolemic polyps) of the T 
CHRPE-positiveanc the CHRPE-neg- > 
ative groups wës significant at the > 
P < 001 level (x° test). 


COMMENT 


Bilateral patches: of CHRPE are 
present in more thar four fifths of pa- 
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tients with FAP-EM and are reliable 
clinical markers of this disease.“ — 


Since on average 15%, and in certain 
families up to 80%, of patients with 
-© FAP-EM ean be devoid of CHRPE le- 
sions, it is important to examine a suf- 
ficient number of affected individuals 
in one kindred before labeling the 
- family as negative for the presence of 
the marker ocular lesions.’ The 
CHRPE lesions are probably present 
‘at birth and have been observed in in- 
dividuals at risk as young as 3 months 
of age.’ About half of individuals at 
‘risk for FAP-EM in all previous stud- 
jes have been found to exhibit the oc- 
ular trait." We postulated that the 
-presence of several unilateral or bilat- 
‘eral patches of CHRPE in first-degree 
relatives of patients with FAP-EM 
would reliably predict inheritance of 
- the abnormal gene.’ 
Lynch and coworkers" first reported 
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l CHRPE lesions in four menbra : 


two families with FAP but without 
other extraintestinal manifestations. 
Subsequently, other investigators*” 
have confirmed their findings. Ade- 
nomatous polyposis coli is a clinically 
heterogeneous condition. Some fami- 
lies with colorectal polyposis do not 
exhibit any of the extraintestinal find- 
ings and have been labeled as having 
FAP, while others develop extraintes- 
tinal lesions and are labeled as having 
FAP-EM or Gardner’s syndrome. 
The present prospective study of in- 
dividuals at risk for FAP-EM indicates 
that the presence of four or more 
patches of CHRPE is an excellent pre- 
dictor for the development of colorec- 
tal adenomatous polyposis. None of 16 
individuals negative for the ocular 
trait developed colonic polyps during 
the study period, which contrasted 
with 14 of 18 who had characteristic 
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:  CHRPE k ener Hane individuals with 


abnormal ocular examination findings 
remain polyp free at ages 12,13,18,and 


28 years. Al four patients are cer- 
E tainly. young, and further follow-up 


may reveal the development of colo- 
rectal polyposis. Some individuals 
with normal ocular examination find- 
ings may have also inherited the gene 
for FAP-EM, and until a definitive ge- 
netic marker allows identification of 
all carriers of the abnormal gene in 
FAP, all individuals at risk should be 
scrutinized for the presence of polyps 
starting in their teenage years. 
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in Patients With Occult Carcinoma 


J. Donald M. Gass. 








|. œ The development of multiple, round or 
oval, subtle, red patches at the level of the 
Be pigment epithelium in the posterior ocular 
fundus and their striking early hyperfluo- 
rescence angiographically are character- 
isc features:of the bilateral diffuse uveal 
melanocytic proliferation syndrome. They 
‘may be accompamed by severe visual loss 
and may antedate:the appearance of mul- 
tiple melanceytic tumors, retinal detach- 
ment, and cataract in these patients with 
occull systemic carcinomas. These hyper- 
fluorescent patches are caused by focal 
ige to pla = pigmen? epithelium overly: 








a ion. ot the putei choroid. We sug- 

_ gest that oulerretinal damage may not be 

primarily caused by melanocytic prolifera- 
tien, but rather by toxic and immune fac- 
tors generated by interaction between a 
systemic carcinoma and congenital mel- 
anocytosis of the uveal tract. We report 
the Jorgest survivor of this disorder to 
date (102 months... 

Arch Ophthalmol, 1990; 108:527-533) 


jlaterail diffuse uveal melanocytic 
proliferation (BDUMP) is a bi- 
zarre paraneoplastic ocular syndrome 
- eecurring i patients with systemic, 
often occult carcinoma, which typi- 
-cally ‘causes death within 12 to 24 
months. Five cardinal ocular signs 
that accompany visual loss in these 
patients are the following: (1) multi- 

ple, round or oval, subtle, red patches 

at the level of the retinal pigment ep- 
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ithelium in the posterior fundus; (2) a 
striking pattern of multifocal areas of 
early hyperfluorescence corresponding 
with these patches; (3) development of 
multiple, slightly elevated, pigmented 
and nonpigmented uveal melanocytic 
tumors, as well as evidence of diffuse 
thickening of the uveal tract; (4) exu- 
dative retinal detachment; and (5) 
rapid progression of cataracts." Pre- 
vious reports have emphasized the lat- 
ter three signs. The purposes of this 
report are (1) to present four patients 
to stress the importance of the first 
two signs, both of which may antedate 
the other three, and both of which are 
highly suggestive of the correct diag- 
nosis; (2) to demonstrate clinicopatho- 
logic correlations pertaining to these 
two signs; (3) to discuss the implica- 
tions of these findings in regard to the 
pathogenesis of visual loss; and (4) to 
present the first patient with long- 
term survival. 
REPORT OF CASES 

Case 1.—An apparently healthy 68-year- 
old woman noted rapid loss of vision in both 
eyes, Her visual acuity was counting fingers 
at 4 ft in each eye. The conjunctivae were 
moderately hyperemic. The anterior cham- 
bers and lenses were clear. The ophthalmo- 
scopic examination revealed faint, oval and 
round, flat, reddish patches at the level of 
the pigment epithelium throughout the 
posterior fundi (Fig 1, left). These con- 
trasted only slightly with the normal, or- 
ange-red appearance of the surrounding 
fundus. In the right eye there was a shallow 
serous detachment of the retina posteri- 
orly, and a shallow choroidal detachment 
inferiorly. Early retinal arteriovenous- 
phase fluorescein angiography revealed a 
striking unexpected pattern of multifocal 
areas of early hyperfluorescence that cor- 
responded with the reddish subretinal le- 
sions (Fig 1, center). This hyperfluores- 
cence persisted into the late phases of 
angiography and was accompanied by the 
development of multifocal areas of pinpoint 
staining at the level of the pigment epithe- 
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Diffuse Uveal Melanocytic Proliferation 
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lium (Fig 1, right). if 

A medical evalaation, including chest — 
roentgenography and seans of the liver and > 
spleen, produced results that were within 
normal limits. A single sub-Tenon’s injec- > 
tion of methylpredzisoione acetate andoral 
prednisone, 60 mgad for 2 weeks, produced a 
no change in the retinal detachment or vi- ©: 
sual acuity. Three menths later, the pa-. 
tient’s visual acuity improved to 20/100 0D = 
and 20/80 OS. Mu. tiple, slightly elevated, 
pigmented, choroidal lesions resembling 
choroidal nevi develaped in both eyes, 




















cataracts occurred. bilaterally. A diagnosis 
of BDUMP was made. The patient was hos- > 
pitalized for cataract extraction and under- <- 
went further medical evaluation to look for -= 
an occult carcinoma. A carcinoma of the < 
cervix with extension to the pelvie walls ae 
was found. Within 4 year from the onset of 
visual symptoms, the patient died of meta- 
static carcinoma. No autopsy was done. = 

Cast 2.—A 77-yearwold woman. was. in oe 
apparently good health when she rapidly | — 
developed loss of vssior in both eyes. When > 
seen by her local paye man in auget 1976, 








OS. The physician noted bilateral isiaracte 
and fluorescein angiographic changes that = 
he interpreted as senile macular degenera- - Es 
tion (Fig 2, left). Ne pigmented lesions were © 
noted. Angiography revealed multifocalar- 
eas of hyperfluorescence that were inter- © 
preted as probably being caused by large = 
drusen. When the patient was seen by usin 
November 1976, her visual acuity in the > 
right eye was counting fingers only and was = 
unchanged in the left «ye. There was dila- -€ 
tion of the episcleral vessels bilaterally. is 
Pigmented keratitic precipitates and pig- < 
mented cells were present in the anterior 
chamber and Vitreous of both eyes. There ae 





Multiple, slightly cevaed: sabretinal pig- 
mented lesions of variable size were barely 
visible through media compatible with vis- 

ual acuity of 20/100 OU. These were vari- > 
ously interpreted by several physicians as - 
multiple subretinal hematomas, multiple — 
choroidal nevi, and metastatic melanoma to 
the choroid. Results of en extensive medical 
evaluation were normal. 








Fig 1.—Case 1. Left eye. Left, Note the round patches (arrows) that were red. Center, Early-phase angio- 
gram showing focal hyperfluorescence (arrows) corresponding with the red patches (left). Right, Late pin- 
point areas of staining in macular area."’ 
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Fig 2.—Case 2. Left eye. Left, August 1976; right, January 1977. Arrowheads indicate the reticular pattern 





of pigment epithelium (nonfluorescent areas [left] and light-colored areas [right]) surrounding the zones of 
pigment epithelial atrophy (hyperfluorescent areas [left] and dark areas [right]). 


During a 2-week period, there was rapid 
progression of the patient’s cataracts. Vis- 
ual acuity was counting fingers only in both 
eyes and cataract extraction was done in 
the left eye. Postoperatively, multiple, pig- 
mented, choroidal lesions were easily visu- 
alized. There were large, multiple, conflu- 
ent, round and oval, red and gray patches 
outlined by a triradiate pattern of orange 
pigment epithelium that was most promi- 
nent in the peripheral macular and peri- 
papillary areas (Fig 2, right). In spite of 
clear media and the absence of retinal 
detachment, visual acuity was counting 
fingers only. 

Within 4 months, visual acuity in both 
eyes decreased to hand movements only and 
there was exudative retinal detachment in- 
feriorly. The patient developed malaise and 
weight loss, and 10 months later a medical 
evaluation, including roentgenographic 
studies of the gastrointestinal tract, re- 
vealed evidence suggesting a pancreatic 
carcinoma. The patient died 23 months af- 
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ter the onset of visual symptoms, and an 
autopsy revealed metastatic ovarian carci- 
noma. The eyes were obtained at autopsy 
and the findings have been previously 
reported.’ They included diffuse infiltration 
of the entire uveal tract with benign-ap- 
pearing, nonpigmented, uveal melanocytes 
and multifocal areas of choroidal thicken- 
ing by benign-appearing, partly necrotic, 
pigmented, uveal melanocytes. Important 
changes were the extensive destructive 
changes in the overlying pigment epithe- 
lium and outer retina despite the relative 
sparing of the choriocapillaries by the uveal 
infiltrate (Fig 3, left) and the presence of 
extensive necrosis within the focal pig- 
mented tumors (Fig 3, right). 

Case 3.—In November 1982, a 65-year-old 
woman developed blurred vision in both 
eyes. Two months previously her visual 
acuity was 20/20 OU. Two years previously 
she underwent an incomplete excision of an 
ovarian papillary serous cystadenocarcino- 
ma, which was followed by chemotherapy. 


Her son had bilateral testicular tumors, 
and her daughter had cervical cancer. The 
patient’s visual acuity was 20/200 OD and 
20/50 OS. An ophthalmoscopic examina- 
tion revealed multiple, widely scattered, 
slightly elevated, pigmented choroidal le- 
sions in both fundi. In the posterior fundi 
that were relatively free of pigmented le- 
sions, there were multiple, round and oval, 
red, subretinal patches that were barely 
evident against the normal background or- 
ange-red of the fundi (Fig 4, left). Fluores- 
cein angiography showed hyperfluores- 
cence of these lesions in both eyes (Fig 4, 
right). The medical evaluation failed to 
show evidence of ovarian or other meta- 
static carcinoma. 

Within several months the patient devel- 
oped a pigmented tumor on the iris of the 
right eye, rapidly progressing cataracts in 
both eyes, and bullous retinal detachment 
in both eyes. Optic disc swelling and sur- 
rounding retinal hemorrhages were pres- 
ent in the left eye where the pigmented tu- 
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Fig 3.—Case 2. Left eye. Left, Photomicrograph showing diffuse choroidal infiltration with small hypopig- 
mented benign melanocytes, relative sparing of the choriocapillaris (arrow), and depigmentatior and 
degeneration of the pigment epithelium (hematoxylin-eosin, original magnification X175). Right, Phctomi- 
crograph showing focal, partly necrotic (arrows), pigmented, choroidal tumor and extensive degene ation 
of the pigment epithelium and retinal receptor cells (hematoxylin-eosin, original magnification X70). 





Fig 4.—Case 3. Right eye. Left, Note the faintly visible patches (small arrows) that were red in the posterior 
fundus and a pigmented choroidal tumor (large arrow). Right, Angiogram showing focal hyperfluorescence 
(arrows) corresponding with the red patches (left). " 


mors extended to the disc margin. The pa- 
tient underwent a combined cataract 
extraction and a biopsy of the iris tumor. 
The biopsy specimen showed melanocytic 
preliferation that was interpreted as be- 
nign by some observers and malignant by 
others. The patient experienced progressive 
visual loss in both eyes that failed to im- 
prove after being treated with 40 Gy of ex- 
ternal beam cebait 60 radiation in each eye. 
Multiple extensive medical investigations 
failed te reveal evidence of metastatic dis- 
ease. The results of T lymphocyte analysis 
and assays for y-glutamyl transpeptidase 
membrane marker enzyme and carcinoem- 
bryogenic antigen were normal. 

Within 2 years after the onset of visual 
symptoms, the patient was blind. Soon 
thereafter, she developed absolute glau- 
coma and evidenceof continued growth of 
the uveal lesions. The right eye was enucle- 
ated in 1984 and the left eye in 1986. Both 
eyes shewed evidence of diffuse uveal mel- 
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anocytic proliferation (Fig 5) by a mixture 
of cells showing both nevoid (Fig 6, left) 
and, in some areas, epithelioid cell differ- 
entiation (Fig 6, right). There was minimal 
evidence of mitotic activity. There was rel- 
ative sparing of the choriocapillaris and 
extensive degeneration of the pigment epi- 
thelium and receptor cells (Fig 6, left). In 
May 1989, 8% years after treatment for 
ovarian carcinoma and 6% years after the 
onset of visual symptoms, the patient de- 
veloped signs and symptoms of presenile 
dementia, but had no evidence of metastatic 
disease. 

CasE 4.—A 61-year-old man complained 
of an abrupt loss of central vision in his 
right eye 1 week previously and mild blur- 
ring of vision in the left eye for 1 year. His 
visual acuity was normal 5 years previously 
when last examined by an ophthalmologist. 
He had a 27-year history of diabetes melli- 
tus, obstructive pulmonary disease, and 
chronic osteomyelitis. The patient had no 


other medical proHlems and no history of 
cancer. The family medical history was 
negative. The patient’s visual acuity was 
20/200 OU. Amsle~ grid testing revealed 
bilateral central seotomata. The intraocu- 
lar pressures were 10 and 8 mm Hg in the 
right and left eyes, respectively. The ante- 
rior segments were unremarkable. The pa- 
tient had mild nucar cataracts; his optic 
discs were normal The retinal arterioles 
were minimally attenuated and there were 
rare retinal microaneurysms. Posteriorly, 
in the extramacular area of both eyes, there 
were multiple, round and oval, slightly ele- 
vated, pigmented cl oroidal lesions measur- 
ing 0.5 to 2 disc diameters in size. Through- 
out the posterior fu adi there were multiple, 
round and oval, recdish patches separated 
by a reticular patte=n of yellow-orange pig- 
ment clumping (Fiz 7, left). There was a 
shallow retinal de:achment in the right 
macula. 

When examined 2 weeks later, the pa- 


Bilateral Diffuse Uveal Melanocytic Proliferetion—Gass et al 529 








tient’s visual acuity was 20/400 OD and 20/ 
200 OS. His examination results were un- 
changed except for the presence of subret- 
inal fluid in the macula and the inferior 
periphery of the left eye. Fluorescein an- 
giography revealed a reticular pattern of 
nonfluorescence on a background of marked 
hyperfluorescence during the early arterio- 
venous-phase angiograms (Fig 7, right) and 
late pinpoint areas of staining. Elec- 
troretinography revealed normal photopic 
responses in both eyes and severely abnor- 
mal scotopic responses in the left eye. Elec- 
tro-oculography was borderline normal in 
both eyes (the light/dark ratio was 1.63% in 
the right eye and 1.57% in the left eye). 
During the next 2 months, six new pig- 
mented choroidal lesions developed in the 
periphery of the right eye and two new 
similar lesions developed in the periphery 
of the left eye. Three lesions in the left 
macula enlarged and coalesced. There was 





Fig 5.—Case 3. Right eye. Photomicrograph 
showing diffuse and focal thickening of the 
uveal tract by melanocytic cells (hematoxylin- 
eosin, original magnification X6). 


bullous and neurosensory retinal detach- 
ment in both eyes. This was associated with 
shifting of the subretinal fluid. A medical 
evaluation, including a general physical ex- 
amination, chest roentgenography, lung 
and abdominal computed tomographic 
scanning, sigmoidoscopy, and _ bronchos- 
copy with washings, revealed no evidence of 
malignancy in either the lungs or the ret- 
roperitoneal space. An otolaryngological 
examination revealed melanosis of the 
tracheal mucous membranes. Antiretinal 
antibody assays were negative.” 
COMMENT 

The ocular manifestations of 
BDUMP usually antedate signs and 
symptoms of the systemic carcinoma 
(10 of the 16 reported cases) by 3 to 12 
months. Of the five cardinal ocular 
features of the syndrome, the multifo- 
cal, faintly visible, round or oval, red, 
subretinal patches, which are promi- 
nently hyperfluorescent during the 
early phases of angiography, are usu- 
ally the first to appear and are usually 
still visible after the development of 
the other three signs. Other biomicro- 
scopic signs that may be present in- 
clude anterior chamber cells, vitreous 
cells, and signs of ciliary body enlarge- 
ment, including dilated episcleral 
vessels, shallow anterior chamber,‘ 
ciliary body cysts,*® and iridodonesis.° 
The subtle red patches and their strik- 
ing tendency to fluoresce are charac- 
teristic of this syndrome and are not 
usually seen in patients with other 
disorders characterized by either mul- 
tifocal or diffuse cellular infiltrate of 
the choroid by either inflammatory or 
neoplastic cells. Thus, recognition of 
these two signs is of great importance 
in the early diagnosis of this syn- 
drome. 





The precise correspondence of the 
focal areas of early hyperfluorescence 
and the subretinal patches suggest 
that they are fenestrations of the pig- 
ment epithelium caused by its depig- 
mentation and focal destruction in the 
absence of infiltration and obstruction 
of the underlying choriocapillaris (Fig 
8). Histopathologically, this interpre- 
tation is supported by the remarkable 
predilection for the uveal melanocytic 
proliferation to spare the choriocapil- 
laris, and by the widespread areas of 
necrosis and degeneration of the pig- 
ment epithelium and outer retina, even 
in large areas where only minimal 
melanocytic proliferation is present 
(Fig 3, left, and Fig 6, left). These are 
consistent features that one of us 
(J.D.M.G.) has seen in eyes removed 
from four patients with this syndrome. 
The diffuse redness of the patches (or 
their dark gray color in the case of pa- 
tients with brunette fundi) that is only 
barely discernible biomicroscopically 
from the normal reddish orange of the 
surrounding retinal pigment epithe- 
lium is probably caused by the hypo- 
pigmented diffuse melanocytic infil- 
tration that hides from view details of 
the underlying large choroidal vessels 
and sclera (Fig 3, left, Fig 6, left, and 
Fig 8). These patches of depigmented 
or fenestrated pigment epithelium 
progressively enlarge and become con- 
fluent to produce a triradiate or retic- 
ular pattern of orange pigment epithe- 
lium that angiographically appears 
nonfluorescent on a background of 
marked choroidal hyperfluorescence 
(Figs 1, 4, 7, and 9). This was strikingly 
demonstrated in the case reported by 
Margo et al." 


Fig 6.—Case 3. Right eye. Left, Benign melanocytic proliferation of the choroid with relative sparing of the 
choriocapillaris (arrow). Note the multifocal areas of pigment epithelial destruction and clumping (hematox- 
ylin-eosin, original magnification X 440). Right, A focal area of epithelioid cell proliferation (white arrow) ad- 
jacent to the benign melanocytic infiltration of the choroid (black arrow) (hematoxylin-eosin, original mag- 


nification X175). 
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Fig 7.—Case 4. Left eye.'' Left, Note the faintly visible reticular pattern of retinal pigment epithelium (RPE) 
that was yellow-orange surrounding the multiple, round and oval, dark RPE fenestrations that were reddish 
(arrowheads). Right, Angiogram showing marked hyperfluorescence corresponding to the fenestrated ar- 
eas of RPE damage. 


The mechanism causing the acute 
multifecal areas of depigmentation or 
destruction of the RPE is uncertain. 
The angiographic and histopathologic 
evidence of an intact choriocapillaris 
suggests that ischemia may not be an 
intportant factor. Clinically and histo- 
pathologically, the marked pigment 
epithelial damage and outer retinal 
damage in large areas of only minimal 
outer choroidal melanocytic infiltra- 
tion is far greater than that in many 
patients with greater infiltration of 
full-thickness choroid by carcinoma 
and melanoma. It is likely that other 
local toxic or immune reactions are re- 
sponsible for the damage to the retinal 
pigment epithelium, as well as to the 
overlying retina! receptor cells. For 
example, we observed in patients 2 
and 3 that the visual function was 
profoundly affected before the devel- 
opment of secondary retinal detach- 
ment. The pathogenesis of retinal 
damage in these patients may be 
similar to that in patients who, in 
association with an occult carcinoma, 
develop rapid loss of vision, nyctalop- 
ia, and a fundus picture simulating 
retinitis pigmentosa sine pigmenti.!?"» 
In these latter patients the retinal 
pigment epithelium is typically less 
affected than the retinal receptor cells. 
Patient 4 had a negative assay for 
antibodies te a retinal cancer-associ- 
ated antigen.’ A similar paraneo- 
plastic acute night blinding disorder 
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associated with rapidly developing 
vitiligo of the skin and uveal tract 
depigmentation may occur in patients 
with metastatic cutaneous mela- 
noma.!®*!’ 

The histopathologic picture in most 
of the 23 eyes of 12 patients examined 
to date has been remarkably similar. It 
includes diffuse infiltration of the 
uveal tract, including the scleral emis- 
sary canals, with predominantly small 
nevoid hypopigmented melanocytic 
cells. The choroidal thickening is typ- 
ically minimal in comparison with 
that of the ciliary body, and the cho- 
riocapillaris is relatively spared. Mul- 
tiple focal areas of increased thicken- 
ing of the choroid by heavily pig- 
mented melanocytes typical of mel- 
anocytomas have been present in most 
eyes. In at least four eyes there has 
been focal necrosis within these pig- 
mented tumors.’ Although the mel- 
anocytic infiltration is predominantly 
benign in appearance, most eyes have 
shown foci of spindle B and epithelioid 
cellular differentiation.*°**!" This, 
however, has been accompanied by lit- 
tle or no evidence of mitotic activity. 
Since the mean survival time after the 
initial symptom appeared in these pa- 
tients is approximately 16 months, 
there has been only limited opportu- 
nity to observe evidence of progression 
of the uveal melanocytic proliferation. 
The appearance and enlargement of 
the focal pigmented and, less often, 


nonpigmented tumors of the choroid 
and iris have been observed in two of 
our patients and by others.'’ Only in 
one of our patients (case 3) who has 
survived 812 years has there been doc- 
umentation of considerable increase in 
the diffuse infiltration of the uveal 
tract. 

The pathogenesis of the melanocytic 
infiltration in BDUMP is uncertain. 
Two types of melanoeytes are found in 
the normal uveal tract: the normal 
melanocyte and, in many patients, ne- 
vus cells. Normal melanocytes are non- 
reactive cells that rarely, if ever, pro- 
liferate. Nevus cells that are present, 
either focally or diffusely (melanocy- 
tosis), do have the capability of prolif- 
eration that, in part, is subject to hor- 
monal control and that normally is 
limited to the prepubertal and early 
adult years. Suggestions for the patho- 
genesis of BDUMP have included the 
following: (1) de novo development of 
uveal melanocytic proliferation and 
the systemic carcinoma in response to 
a common oncogenic stimulus*; (2) de 
novo development of uveal melano- 
cytic proliferation in response to a 
hormone-secreting visceral carcin- 
oma’; and (3) coincidental develop- 
ment of bilateral low-grade diffuse 
uveal melanomas and a systemic car- 
cinoma in patients genetically predis- 
posed to neoplasia.’ 

In regard to the first two sugges- 
tions, it is unlikely that normal mel- 
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Fig 8.—Diagram of the anatomy of the red subretinal patches occurring 
in bilateral diffuse uveal melanocytic proliferation. Arrows indicate the 
fenestrated area of depigmentation and degeneration of the retinal pig- 
ment epithelium (RPE) overlying the intact choriocapillaris (cc) and in- 
filtration of the outer choroid (ch) by benign melanocytic cells. The di- 
agram below illustrates perfusion of the choroid with fluorescein (dots) 
during the early arteriovenous phase, causing hyperfluorescence of the 
fenestrated area. 


Differential Diagnosis in Patients With Diffuse Bilateral Uveal Melanocytic Proliferation 


Prior to development of multifocal pigmented choroidal tumors 
1. Idiopathic uveal effusion syndrome 
Large-cell lymphoma, metastatic carcinoma, leukemia 
. Acute polymorphous vitelliform maculopathy ° 
_ Multifocal or diffuse choroiditis, acute posterior multifocal placoid pigment epitheliopathy, sym- 


and produce a 
(right). 
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pathetic uveitis, sarcoidosis 


Posterior scleritis 
Rhegmatogenous retinal detachment 
Harada’s disease 
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Metastatic melanoma 
Multifocal subretinal hematomas 
. Multiple choroidal nevi 


anocytes, regardless of the stimulus, 
would be likely to proliferate since 
there is no precedent for this to occur. 
In regard to the third suggestion, it is 
equally difficult to accept the concept 
of a malignant transformation occur- 
ring throughout the uveal tract bilat- 
erally. Diffuse bilateral uveal mela- 
noma outside the context of BDUMP is 
unreported. We believe, as suggested 
by Ryll et al, that these patients prob- 
ably have bilateral diffuse congenital 
uveal melanocytic nevi, which, because 
most of the constituent cells are hy- 
popigmented, are relatively unappar- 
ent clinically. In response to certain 
hormone-producing visceral carcino- 
mas, particularly those of the repro- 
ductive organs in women (six of the 
eight reported cases) and those of the 
retroperitoneal areas and lungs in men 
(six of seven reported cases), these ne- 
vus cells may exhibit limited growth 
and melanin production, which, in 
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Benign reactive lymphocytic hyperplasia of the uveal tract 


r development of multifocal pigmented choroidal tumors 


_ Multifocal hypertrophy of the pigment epithelium (Gardner's syndrome) 












some cases, may be associated with 
melanocytic necrosis. 

We suggest, however, that the acute 
damage to the pigment epithelium, the 
outer retina, and the lens that results 
in the rapid development of retinal de- 
tachment and cataract formation is 
not adequately explained by the lim- 
ited melanocytic proliferation that oc- 
curs in these patients. Much of this 
damage probably is caused by a toxic 
or immune reaction that is either a 
by-product of the carcinoma-uveal 
melanocytic interaction or the direct 
result of hormonal interaction be- 
tween the carcinoma and the pigment 
epithelium and retinal receptors. The 
development of BDUMP in one patient 
with congenital oculodermal melano- 
cytosis (nevus of Ota) reported by 
Prause et al‘ lends some support to this 
concept that most of the cellular infil- 
tration of the uveal tract that spares 
the choriocapillaris in these patients is 


Fig 9.—Frontal view diagram showing round fenestrations in the 
retinal pigment epithelium (left) that enlarge, become confluent, 
reticular pattern of 


retinal pigment epithelium 


developmental in origin, and is not 
primarily the result of recent cellular 
proliferation in response to the carci- 
noma. It is of interest that patient 4 
had melanosis of the upper airway. We 
have recently seen BDUMP develop 
within several months after the exci- 
sion of a malignant intestinal polyp in 
a patient who developed melanotic oral 
macules typical of the Peutz-Jeghers 
syndrome. This concept of limited hor- 
monally induced multiplication and 
hyperpigmentation of nevus cells may 
explain the frequently observed foci of 
cytologic atypia, which, although sug- 
gesting melanoma differentiation in 
BDUMP, is accompanied by a paucity 
of mitotic activity and an apparent in- 
ability of the tumor to metastasize. 

The long-term survival of our pa- 
tient 3 and the continued slow growth 
of the uveal tumors long after the ap- 
parent eradication of her systemic car- 
cinoma suggests that the continued 
existence of the carcinoma is not al- 
ways necessary for the stimulation of 
melanocytic proliferation. It is too 
early, however, to exclude the possi- 
bility that this patient has subclinical 
carcinoma. Except for her and patient 
4, all of the other 14 patients with this 
syndrome died of the carcinoma a 
mean 16 months (range, 4 to 25 
months) after first developing symp- 
toms of this syndrome. 

The Table lists the differential diag- 
nostic possibilities in patients with 
BDUMP. The small round or oval red 
fenestrations that develop in the pig- 
ment epithelium early in BDUMP, the 
later triradiate pattern of preserved 
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‘pigment epitheliam that results from 
their cenfluence, and the angiographic 
evidence of preserved choriocapillaris 
in the areas of these fenestrations are 
infrequently duplicated by other dis- 
eases. We have seen the early round or 
aval fenestrated stage of BDUMP du- 
plicated only by one other disorder. 
This oceurred in two young adults who 
presented with keadache, acute bilat- 
eral visual loss, and serious macular 
detachment.Both had multiple, round, 
grayish, subretinal patches that 
showec early hyperfluorescence simi- 
jar to BDUMP. Both patients showed 
prompt visual improvement, disap- 
pearance of retiaal detachment, and 
development of darge polymorphous 
vitelliform submacular lesions after 
ee corticosteroid therapy." 
The triradiate pattern of pigment 
epthelum, which develops after con- 
fluence of the lesions in BDUMP, may 
be simulatee by several other disor- 
ders. Patients with the idiopathic 
uveal effusion syndrome are typically 
middle-aged males who initially 
present withexusative retinal and cil- 
-iochorcidal detachment. They may, af- 
-ter prolonged or recurrent retinal de- 
tachment, develep a leopard-spot or 
trmadiate pattern of pigment epithe- 
dial clamping sumilar to BDUMP.” 
There is mo sex predilection for 
BDUMP, ane it usually occurs in older 
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individuals (mean age, 67 years; range, 
34 to 89 years). A similar pattern of 
pigment epithelial derangement may 
occur binocularly in patients receiving 
systemic treatment with the cortico- 
steroids azathioprine and cyclospo- 
rine, because of renal or heart-lung 
transplants,” and in patients with sys- 
temic large-cell lymphomas.” The 
pathogenesis of the pigment epithelial 
changes in all of these disorders is 
poorly understood. 

Visual loss caused by bilateral dif- 
fuse infiltration of the uveal tract by 
neoplastic cells (metastatic carci- 
noma, leukemia, or melanoma) occurs 
infrequently, and when it occurs, it is 
usually associated with angiographic 
evidence of irregular disruption of the 
pigment epithelium, delayed fluores- 
cence because of choriocapillaris infil- 
tration, and late pinpoint or irregular 
areas of staining at the level of the 
pigment epithelium. One patient who 
was presented with bilateral diffuse 
and multifocal metastatic carcinoma 
probably had the BDUMP syndrome.’ 
Likewise, patients with a diffuse in- 
flammatory cell infiltration of the 
choroid, eg, Harada’s disease, typically 
show similar angiographic changes. 

After the appearance of multifocal 
pigmented choroidal tumors in addi- 
tion to the red subretinal patches, the 
diagnosis of BDUMP becomes certain. 
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congenital Tieni a hese : 
trophy (Gardner’s syndrome) would be: 
more likely diagrostic possibilities... 


Although several patients with: We 
BDUMP have shown a transient im- 


provement in the amount of retinal 
detachment in respense to systemic 


corticosteroid aad radiation — treat- 
ment,* no treatment has succeeded in _ 
arresting the progressive course of vi- => 


sual loss. Even cataract extraction 


may have limited beneficial effects be- as 
cause of the diffuse retinal damage 
that may occur prior to the develop- 


ment of exudative detachment. Ag- 


gressive treatmeat and eradication of 


the systemic care. noma offers the best 
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even that may no: prevent progressive 
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ectopic hormone by assaying a fresh 
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Patient Characteristics 


Development of Keratoconus After Contact Lens Wear 


Marian S. Macsai, MD; Gary A. Varley, MD; Jay H. Krachmer, MD 


è Aretrospective review of 398 eyes of 
199 patients with keratoconus revealed 
106 eyes of 53 patients with an associa- 
tion between contact lens wear and the 
development of keratoconus. The ab- 
sence of keratoconus at the time of con- 
tactiens fitting was confirmed by slit-lamp 
examination, keratometry readings, and 
manifest refraction. Keratoconus was di- 
agnosed after a mean of 12.2 years of 
contact lens wear. This group was com- 
_ pared with patients with sporadic kerato- 
conus with either no history of contact 
lens wear or a history of contact lens wear 
after the diagnosis. They were older at the 
time of diagnosis, had central vs decen- 


- tered cones, and had a tendency toward 


_. flatter corneal curvatures. We believe that 
these patients suggest that long-term con- 
tact lens wear is a factor that can lead to 
keratoconus. 

(Arch Ophthalmol. 1990; 108:534-538) 


eratoconus (KCN) is a noninflam- 
© AX matory disorder of the cornea 
- characterized by progressive conical 
© eetasia with protrusion of the thinned 
=- area.' It results in increasing myopia 
with irregular astigmatism. Inferior 
steepening, corneal thinning, and ir- 
regular astigmatism may be the ear- 
- liest signs of KCN. Other clinical signs 
include an epithelial iron ring, ante- 
rior stromal scarring, and striae ante- 
rior to Descemet’s membrane (Vogt’s 
striae). Early in its course, optical cor- 


- rection is achieved through spectacles. 
- As the irregular astigmatism pro- 


<- gresses, rigid contact lenses can be 


- quite successful in restoring vision. 


When patients either have poor vision 


-with a contact lens or cannot wear one, 


surgery is performed. 

The cause of KCN remains unclear. 
Proposed causes include biochemical 
_ alterations in collagen or proteoglycan 
< _ physiologic activity.* Many condi- 

tions in which KCN occurs have com- 


- mon causative factors. One group is 
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patients in whom an abnormality in 
collagen physiologic activity is an un- 
derlying theme. This includes Ehlers- 
Danlos syndrome, osteogenesis imper- 
fecta, Marfan’s syndrome, mitral valve 
prolapse, and other connective-tissue 
diseases.” Familial cases, suggesting 
an inherited origin, have also been 
reported.'* Another group indicates 
ocular trauma as a common causative 
factor. This includes Down’s syn- 
drome, atopy, lLeber’s congenital 
amaurosis, and a history of mechani- 

cal eye rubbing.’*** Long-term contact 
lens wear may represent another 
source of ocular trauma. We define 
sporadic KCN as existing in a patient 
who does not have Down’s syndrome, 
atopic disease, systemic collagen dis- 
ease, a tapetoretinal degeneration, a 
history of eye rubbing, or a family his- 
tory of KCN. 

The relationship between contact 
lens wear and KCN has been contro- 
versial. In 1965 Hartstein” reported 12 
cases of corneal warpage due to con- 
tact lenses. In 4 of these patients, the 
induced astigmatism was permanent, 
and 1 patient developed KCN. In 1968 
Hartstein® described an additional 4 
patients in whom KCN developed 
while wearing hard contact lenses. 
Three of these were patients with pre- 
fitting corneal astigmatism of less 
than 0.50 diopter (D). Two additional 
cases of hard contact lens wearers who 
developed KCN were reported by 
Nauheim” in 1969. Gasset et al” pro- 
posed a circumstantial causal relation- 
ship between hard contact lens wear 
and the development of KCN. Despite 
isolated reports of KCN developing in 
hard contact lens wearers, this associ- 
ation has been difficult to clarify. Many 
patients with myopia and high astig- 
matism receive contact lenses for cor- 
rection, and in these cases, it is not 
surprising that KCN was diagnosed 
during contact lens wear. 

The numerous reports in the litera- 
ture of patients with minimal myopia 
in whom KCN was diagnosed while 
wearing contact lenses certainly sug- 
gest. a relationship.*”*! We have un- 
dertaken this study to answer two 
questions: Is there a group of patients 
in whom long-term contact lens wear 
was the probable cause of the develop- 
ment of KCN? If so, is KCN in contact 
lens wearers historically and clinically 
different from sporadic KCN? 








MATERIALS AND METHODS 


We retrospectively reviewed 386 charts of 
patients seen in the Iowa Lions Cornea 
Center, lowa City, from 1984 through 1989 
with the diagnosis of KCN. Patients were 
removed from the study if they had any of 
the following exclusion criteria: previous 
penetrating keratoplasty (35 patients); un- 
obtainable pre-contact lens fit data (19 pa- 
tients); Marfan’s syndrome (2 patients); 
Down’s syndrome (37 patients); Leber’s 
congenital amaurosis (3 patients); previous 
ocular surgery (2 patients); KCN with pel- 
lucid marginal degeneration (12 patients); 
eczema, asthma, or hay fever (55 patients); 
amblyopia (6 patients); family history of 
KCN (10 patients); or a history of habitual 
eye rubbing (6 patients). Therefore, this 
study group consists of 199 patients with 
sporadic KCN. 

Historical data reviewed included age at 
the time of examination, age at the time of 
diagnosis of KCN, sex, the history of con- 
tact lens wear before the diagnosis of KCN, 
and the history of contact lens wear after 
the diagnosis of KCN. Additional data col- 
lected on patients with a history of contact 
lens wear before: the diagnosis of KCN 
included slit-lamp examination findings, 
manifest refraction, keratometry readings 
prior to the fit of contaet lenses, the reason 
for the contact lens fitting, the type of con- 
tact lenses worn, and the wear time includ- 
ing hours per day and number of years. 

All patients received a complete eye ex- 
amination in the lowa Lions Cornea Center. 
For this study, ocular data included Snellen 
visual acuity with best manifest refraction, 
Snellen visual acuity with contact lenses, 
keratometry readings, the presence of infe- 
rior steepening, the amount of inferior 
steepening, cone location, and the presence 
of an iron ring, anterior stromal scarring, 
or Vogt’s striae. In addition, pachymetry 
was performed on some of the patients cen- 
trally and equal distances above and below 
the center of the cornea using a Haag-Streit 
(Haag-Streit Ag, Berne, Switzerland) opti- 
eal pachymeter or ultrasonic pachymetry 
(Pachysonic Il, Teknar, Inc, St Louis, Mo) 
depending on the date of examination. All 
patients were seen by one of us (J.H.K.). The 
amount of inferior steepening was deter- 
mined using the Soper Topogometer (To- 
pogometer Co, Houston, Tex) on a Bausch & 
Lomb Keratometer (Bausch & Lomb Ine, 
Rochester, NY). Cone location was deter- 
mined by using both a Keeler-Kline Kera- 
toscope (Keeler Instruments Inc, Broomall, 
Pa) and slit-lamp examination. If the apex 
of the cone was in the central portion of the 
cornea, as defined by the vertical level of a 
constricted pupil, it was determined to be 
central (Figs 1 through 3). 

The minimal criteria used to define KCN 
are a central or paracentral area of corneal 
thinning and protrusion that is detectable 
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Fig 1.—Low-magnification lateral view of a 
central cone in a patient with a long-term (11.5 
years) history ef contact lens wear before the 
diagnosis of keratoconus. 


Sex, No. (%) 


F 





Contact lens use 
before 
keratoconus 

Keratoconus 
before contact 
lens use 

Keratoconus 
with no 
contact 
lens use 

Total 


24 (45.3) 29 (54.7) 53 


34 (43.6) 


44 (56.4) 78 


29 (42.6) 39 (57.4) 68 
87 (43.7) 112 (56.3) 199 


on slit-lamp examination in a patient with 
irregular keratemetric mires and no signs 
of previous corneal inflammation. To mea- 
sure inferior steepening, patients were 
seated at a Bausch & Lomb Keratometer. 
The keratometry mires were aligned in the 
vertical axis while the patient fixated cen- 
trally on the Soper Topogometer. The fixa- 
tion light on the topogometer was moved 
superiorly and the keratometer mires were 
observed as the patient looked up. If the 
mires separatec, then the presence of infe- 
rior steepening was confirmed. The amount 
of inferior steepeming was quantitated by 
realigning the keratometry mires while the 
patient looked up, and the change in diop- 
ters was recorded. 

To establish whether inferior steepening 
or a thin central cornea was present in nor- 
mal patients with or without a history of 
contact lens wear, 100 eyes of 50 normal 
controls of simitarage and sex distribution 
were examined. Twenty-five controls from 
the University of bowa contact lens clinic 
who had a history of contact lens wear were 
examined. In addition, 25 University of 
lowa employees who had no history of con- 
taet lens wear served as controls. Controls 
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Fig 2.— Slit-lamp photograph of a central cone 
in a patient with a long-term (13.0 years) his- 
tory of contact lens wear before the diagnosis 
of keratoconus. Note the presence of an iron 
ring (arrows) and anterior stromal scarring. 


were examined 20 minutes after lenses were 
removed. Keratometry readings and the 
presence and amount of inferior steepening 
were recorded after slit-lamp examination. 
Corneal thickness was determined cen- 
trally and at two points peripherally in the 
3-, 6-, 9-, and 12-o’clock meridians using ul- 
trasonic pachymetry. A thin central cornea 
was defined as either a central reading of 
less than 0.490 mm or a _paracentral 
pachymetry reading that was less than the 
central reading. The central cornea thick- 
ness criteria were selected based on the 
Prospective Evaluation of Radial Kerato- 
tomy (PERK) Study, in which 90% of the 
patients had a central corneal thickness 
greater than 0.490 mm,” and all paracen- 
tral readings were greater than the central 
readings.” 

Three groups of patients were estab- 
lished. The first group was defined as pa- 
tients with a history of contact lens wear 
before the diagnosis of KCN. The absence of 
KCN at the time of contact lens fitting was 
confirmed by slit-lamp examination, kera- 
tometry readings, and manifest refraction. 
The second group included patients with 
KCN and no history of contact lens wear 
prior to or after the diagnosis of KCN. The 
third group included patients with diagno- 
sis of KCN before wearing contact lenses. 

In the group of patients with a history of 
contact lens wear before the diagnosis of 
KCN, a paired t test was performed to com- 
pare the manifest refraction prior to con- 
tact lens fit with that at the time of exam- 
ination. Similarly, keratometry readings 
were analyzed with a paired ¢ test. 

In addition to these three patient groups 
defined by a history of contact lens wear, 
three KCN severity categories were defined 
based on Snellen visual acuity. Visual acu- 
ity better than 20/40 with spectacles was 
defined as mild KCN. Moderate KCN in- 
cluded eyes in which the visual acuity with 





Fig 3.—Slit-lamp pnotegraph of an inferior 
cone in sporadic keratocenus in a patient with- 
out a history of contact lens wear. Note the 
presence of an iron ring (arrow) and anterior 
stromal scarring. 


spectacles was 20/40 ar worse and visual 
acuity with best contac lens fit was better 
than 20/80. Severe KCN was defined as vi- 
sual acuity with best centact lens fit equal 
to or worse than 20/80. The eyes within each 
of the three patien* graups were compared 
such that eyes of equal severity were ana- 
lyzed using an overall ftest evaluating age 
at the time of diagnosis, age at the time of 
examination, manifest refraction, kera- 
tometry, amount of inferior steepening, and 
pachymetry at the apex of the cone. A x? 
analysis was used to compare the cone 
location, iron ring, presence of anterior 
stromal scarring, and Yogt’s striae. 


RESULTS 


A retrospective review was done on 
386 patients. We excluded 187 patients 
for reasons previous y stated. A total 
of 199 patients were included, 87 
(43.7% ) of whom were women and 112 
(56.3% ) of whom were men. Sex distri- 
bution was similar within each group 
of patients (Table 1) No patients had 
unilateral KCN. The average age at the 
time of diagnosis in patients with a 
history of contact lems wear before the 
diagnosis of KCN was 32.0 years 
(range, 26.5 to 53 yeers) in female pa- 
tients and 31.3 years (range, 25 to 48 
years) in male patieats. They were fit 
with lenses at a mean age of 20 years 
(range, 13 to 36 years). Nine (17%) 
were fit at age 25 years or older. Pa- 
tients with KCN who had not worn 
contact lenses and those in whom KCN 
was diagnosed before contact lens fit- 
ting were significantly younger 
(P < .0001) at the tme of diagnosis 
(Table 2). Ninety-seven percent were 
diagnosed at 25 years old or younger. 
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Keratoconus with no contact lens use 
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- Contact lens use before keratoconus 
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Keratoconus before contact lens use 
Keratoconus with no contact jens use 


There was no statistically significant 
difference in patient age at the time of 
examination (Table 3). 

Of the 199 patients, 53 (27%) had a 
history of contact lens wear before 
KCN, 68 (34%) had no history of con- 
tact lens wear before or after the diag- 
nosis of KCN, and 78 (39% ) had a his- 
tory of KCN before wearing contact 
lenses. These three patient groups 
were classified by KCN severity (de- 
fined in the “Materials and Methods” 
section) according to Table 4. 

The 53 patients with a history of 
contact lens wear before the diagnosis 
of KCN had been wearing contact 
lenses for an average of 12.2 years 
(range, 5.5 to 22 years) for 15.2 hours 
per day. All 58 patients had an area of 
central or paracentral corneal thin- 
ning and irregular keratometric astig- 
matism or inferior steepening. In ad- 
dition, 98 (92.5%) of 106 eyes had 
either Vogt’s striae, an iron ring, or 
anterior stromal scarring. The 8 eyes 
that had only the minimal criteria 
used to define KCN were in patients 
whose other eye had more advanced 
KCN. Of these 53 patients, 47 (89.0% ) 
wore hard polymethylmethacrylate 


lenses, 3 (5.5%) wore soft contact 


~~ Jenses, and 3 (5.5% ) wore gas-perme- 
able contact lenses. Five (9.5% ) of the 
B38. patients. in this group were exam- 

-inedi inour department prior to fit. The 
remaining 48 (90.5% ) were examined 
by referring ophthalmologists and op- 
` tometrists. Cosmesis was the reason 
-for the contact lens fitting in 48 pa- 


tients (90.5%), while 2 (3.8%) were fit 


for anisometropia and 3 (5.7%) were 
fit for high axial myopia. 

Fifty eyes of 25 control patients (av- 
erage age, 28.5 years; 48% women, 52% 
men), with a history of contact lens 
wear for an average of 9.3 years (range, 
4.5 to 15.0 years) for 12.4 hours per day, 
were examined for inferior steepening 
and a thin central cornea. Fifteen con- 
trol group patients wore hard poly- 
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Te aa aT aac SCRE Or Or e m eee e e a: 


31.8 (14.5-48) [3.85] 


29.3 (15.5-51) [4.45] 


methylmethacrylate lenses, 5 wore gas- 
permeable lenses, and 5 wore soft con- 
tact lenses. No controls with a history 
of contact lens wear demonstrated in- 
ferior steepening. Two control eyes of 
different patients had central corneal 
pachymetry readings of less than 0.490 
mm (0.479 mm and 0.483 mm), neither 
of which demonstrated inferior steep- 
ening or irregular astigmatism. No 
peripheral corneal pachymetry read- 
ings were less than the central read- 
ing. 

Fifty eves of 25 controls (average 
age, 27 years; 52% men, 48% women) 
with no history of contact lens wear 
were examined. One control demon- 
strated 0.75 D OD of inferior steepen- 
ing and 1.0 D OS. The other 48 eyes 
demonstrated no inferior steepening. 
Three eyes had central pachymetry 
readings of less than 0.49 mm (0.475 
mm, 0.479 mm, and 0.481 mm). No in- 
ferior steepening or irregular astigma- 
tism was found in these eyes. No pe- 
ripheral corneal pachymetry readings 
were less than the central reading. 

Paired ¢ test analysis of the patients 
with a history of contact lens wear be- 
fore the diagnosis of KCN, comparing 
manifest refractions prior to fit with 
manifest refractions at the time of di- 
agnosis of KCN, revealed a statisti- 
cally significant increase in myopia 
and astigmatism in the mild and mod- 
erate groups (P < .0001) and in the se- 
vere group (P < .02). However, the 
number of patients in the severe group 
was too small to rely on the results of 
the paired ¢ test. The paired ¢ test for 
the same group, comparing the kera- 
tometry readings prior to contact lens 
fit with keratometry readings at the 
time of diagnosis of KCN, revealed a 
statistically significant increase in 
astigmatism in the mild and moderate 
groups (P < .0001) and in the severe 
group (P < .02). However, again, the 
number of patients in the severe group 
was too small to rely on this test of 


No. (%} of Eyes by Severity 


Mild Moderate Severe 


Contact lens 
use before 
keratoconus 
Keratoconus 
before contact 
lens use 
Keratoconus 
with no 
contact 
lens use 


44 142.9) 59 (56.0) 3 (3) 


97 (63.9) 51 (32.0) 8 (5) 


79 (68.5) 52 (38.0) 5 (4) 





analysis. All patients with a history of 
contact lens wear before the diagnosis 
of KCN had less than 1.25 D of cylinder — 
by manifest refraction and keratome- 
try readings before they were fit. 

An overall ¢ test was performed 
comparing the keratometry readings, 
manifest refraction, amount of infe- 
rior steepening, and pachymetry read- 
ings in the mild, moderate, and severe 
KCN groups with a history of contact 
lens wear before the diagnosis of KCN 
with eyes of equal severity in patient 
groups where either contact lenses 
were never worn or were fitted after 
the diagnosis. The overall t test of 
keratometry readings showed that 
these patients had significantly flatter 
readings when compared with both of © 
the other mild groups (P < .001) and 
the moderate group in which lenses 
were fit after the diagnosis (P < .005). 
Differences in the other groups were 
not statistically significant, but there 
was a trend toward flatter curvatures 
(Table 5). No statistically significant 
difference was found in manifest re- 
fraction, the amount of inferior steep- 
ening, pachymetry readings, or the 
presence of an iron ring, anterior stro- 
mal searring, or Vogt’s striae in these 
groups. Iron lines were not seen in 12 
eyes (11.5% ) of patients with a history 
of contact lens wear before the diag- 
nosis of KCN, 13 eves (8.3% ) diagnosed 
with KCN before contact lens wear, 
and 16 eyes (11.7%) with no history of 
contact lens wear. 

x? Analysis compared the cone loca- 
tion in the mild, moderate, and severe 
categories of patients with a history of 
contact lens wear before the diagnosis 
of KCN with patients in the other 
groups (Table 6). There was a statisti- 
cally significant difference (P < .0001) 
in every category, demonstrating a 
central cone in patients with a history 
of contact lens wear prior to the diag- 
nosis of KCN. No eyes in any categories 
were noted to have superior cones. In — 
each category, cone location was not ~ 
recorded in less than 15% of the pa- 
tient charts. 
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*Slat and Stees keratometry readings were compared separately. 


tE < 001 cemparediwith the contact lens use before keratoconus group. 
+? < .COS comparediwith the contact lens use before keratoconus group. 


No. (%) by Severity Group for Keratoconus 


Moderate Severe 
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COMMENT 

We realize chat we cannot prove that 
eontact lens wear has caused the de- 
velopment of KCN in all of these pa- 
ts. {t is possible that KCN would 

ave developed regardless of contact 
ms wear or that extremely subtle 
signs of KCNmay have been missed on 
initial examimatien. In each of these 
patients, pre-contact lenses fit kera- 
tometry readings and manifest refrac- 
tions demonstrated less than 1.25 D of 
reguiar keratometric cylinder, and 
paired 7 test evaluation demonstrated 
a Significant change in manifest re- 
fraction anc keratometry readings 
(P < .0601). In 48 patients (90.5% ) the 
reason for coatact lens fitting was cos- 
mesis, accomding to the patients’ 
charts. It is possible that the need for 
contact. lens Gtting could have arisen 
due to an early undetected central 
cone; however, review of these pa- 
tients’ charts reveals that only 5 pa- 
tients (9.5% ¥ were fit for anisometro- 
pia. All eyes of these 53 patients had 
clinieally detectable corneal thinning 
anc pretrasien with irregular astig- 
‘matism. We define a cornea with con- 
tact lens warpage syndrome as that 
lar astigmatism without 
_ @ther features of KCN such as thin- 
E Ring, protrusion, pr an iron ring. All 
106 eyes of patients who wore contact 

bi ofore the diagnosis of KCN had 
real thinning and protrusion and 
na ore fal’ under our definition of 
{ and net corneal warpage syn- 
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5 (5.2) central 
82 (85.4) inferior 
9 (9.4) NR 


O central 
7 (100) inferior 
O NR 


2 (5.1) central 
35 (89.7) inferior 
2 (5.1) NR 





drome. No patients underwent contact 
lens withdrawal to see if these changes 
reversed. It is our practice to withdraw 
contact lenses in patients with contact 
lens warpage syndrome to see if there 
is a resolution of irregular astigma- 
tism. However, we do not withdraw 
contact lenses in patients who have 
corneal thinning and protrusion and 
therefore KCN by our definition. 

The patients with a history of con- 
tact lens wear before the diagnosis of 
KCN were significantly older at the 
time of diagnosis than the other pa- 
tients (P < .0001). The patients’ ages 
at the time of diagnosis of KCN were 
obtained from patient charts (either at 
the University of Iowa or at the refer- 
ring physician’s office). However, it is 
impossible to know when KCN devel- 
oped. Despite the fact that the age at 
the time of diagnosis is not the same as 
the age of onset, the difference in age 
between these groups is significant. 
We believe that the most likely reason 
for the age difference is that it takes 
years for contact lenses to induce KCN. 
It is possible that the contact lens 
masked the visual disturbance of early 
KCN, although it is difficult to imagine 
the existence of KCN for so many years 
without the diagnosis being made. The 
three patient groups had comparable 
disease stages of KCN at the time of 
examination, thereby countering the 
possibility that increased age at the 
time of diagnosis was due to delayed 
recognition (Table 4). 
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Patients were divided into severity 
groups to examine whether differences 
were dependent on severity. x? Analy- 
sis demonstrated a statistically signif- 
icant (P < .0001) difference in cone lo- 
cation in mild, moderate, and severe 
categories. Patients fit before the 
diagnosis of KCN typically demon- 
strated a central cone while an inferior 
cone was observed im patients with 
KCN with no history of contact lens 
wear and in patients who: had worn 
contact lenses after the diagnosis of 
KCN. We assume that the presence of 


the contact lens influenced the location : 


of the cone. It is tempting to speculate 
that contact lens rigidity may have an 
effect on cone locatien and keratome- 


try readings in these patients, result- o 
ing in central cores and flatter: keras 
tometry readings.Corneal hypoxiadue 


to decreased oxygen permeability may 
also be a contributing factor, espe- 

cially in those patients wearing hard 

polymethylmethazrylate lenses. How- 

ever, as yet we do not have an animal 

model for the development of KCN af- 

ter contact lens wear, and the role of 

contact lens rigidity and oxygen per- 

meability is unclear. 

It is interesting thet of these 53 pa- 
tients fit with contact lenses before the 
diagnosis of KCN, 3 patients had worn 
only soft contact lenses and 8 patients 
had worn only gas-permeable contact 
lenses. After completing this study, we 
examined an additional patient in 
whom soft contaet lenses were worn 
for 10 years who Geveloped features of 
contact-lens indueed KCN. 

In reviewing the charts, two patients 
were found in wham KCN developed in 
the only eye fit witha contact lens. One 
of these patients was a 45-year-old 
man diagnosed with unilateral aph- 
akia and who was postoperatively fit 
with a hard contaet lens. There was no 
history of previous trauma. Ten years 
after wearing the lens for an average 
of 16 hours per day, the patient devel- 
oped KCN in his aghakie eye; his other 
eye was normal. The other patient was 
a 31-year-old man who had undergone 
bilateral strabismus surgery for exo- 
tropia. His left eve remained ambly- 
opic and his righ: e ye was fit with a 
hard contact a for cosmesis. After 
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nea was normal. These patients fur- 
-ther support our theory that KCN can 
<> develop in contact lens wearers, but due 
to the history of ocular surgery, both 
patients were excluded from this study. 

We did not set out to determine the 
frequency with which contact lens 
wearers might develop KCN. The prev- 


. alence of patients fit before the diag- 


_nosis of KCN in our population was 
18.7% (58/386). However, ours is a re- 
_ferral-based practice and we cannot 
- infer that this is the prevalence in the 
general population of patients with 
KCN. Asa result of the bias introduced 
_ by our referral-based practice, it is not 
: possible to determine the incidence of 
~ KCN in the general population of con- 
< tact lens wearers. In addition, 60 pa- 
. tients were excluded from this study 
_ due to unavailable data, amblyopia, or 
previous surgery. It is possible that the 
inclusion of these patients could have 
altered our results considerably. It 
-would be interesting to compare the 
~ overall incidence of KCN before the 
- development of contact lenses with the 
overall incidence today. An increase 
. may further support that contact lens 
- wear may play a role in the develop- 
ment of KCN. Unfortunately, these 
- data are not available. 
- To exclude the existence of inferior 
steepening or a thin central cornea in 
people without KCN, we examined 100 
control eyes. Fifty eyes with a compa- 
rable long-term history of contact lens 
~ wear were examined to test the possi- 
bility that inferior steepening or a thin 
-central cornea can be found as a typi- 
eal finding in contact lens wearers. 
- Five of our control eyes (2 with a his- 
tory of contact lens wear) demon- 
strated a central corneal thickness of 
less than 0.49 mm, and 1 control who 
did not have a history of contact lens 
wear did have inferior steepening but 





-- did not have a thin central cornea. As 


of this writing, this patient has not 
A developed KCN, though we will con- 
tinue to observe her. 
= We believe that the wearing of con- 
tact lenses involves trauma to the cor- 
ea that in most cases either is not se- 
ere enough or the patient is not sus- 
ceptible to the development of KCN 
over a long wearing time. However, in 
some patients, wearing contact lenses 
along with other probable traumatic 
causes of KCN, such as Down’s syn- 
rome, Leber’s congenital amaurosis, 
atopy, and significant history of eye 
rubbing, may cause KCN. Despite the. 
` presence of an adequate tear film be- 
` -tween the contact lens and ci i 








tact lens wear may be a source of ocu- 


lar trauma. We cannot say with abso- a 
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3 “oped KCN int the right ¢ eye; bag hisle left cor- i 


Oe oped: KCN because of t the contact | 
lenses and would not have done so 


without the contact lenses. It is clear, 


at the very least, that contact lenses 


have influenced the corneal topogra- 


phy (central cone location, tendency 
toward flatter curvature). Nine (17%) 


of the 53 patients were fit at the age of 
25 years or older, at which time they 
did not have KCN. In the two other 
groups, 97% of the patients were diag- 
nosed with KCN by the age of 25 years. 
On the basis of age alone, it is unlikely 
that these 9 patients would have de- 
veloped KCN without the contact 
lenses. The mean age of diagnosis in 
the group of 53 patients was also dis- 
tinctly higher than that for the other 
two groups. The previously mentioned 
unilateral cases further substantiate 
the association between contact lenses 
and KCN. The question is whether 
contact lenses caused the disorder in 
all or just some of the group of 53 pa- 
tients (Table 7). 

As a result of our findings, we rec- 
ommend that contact lens wearers be 
followed up closely. Follow-up exami- 
nations should include monitoring for 
the earliest signs of KCN, including 
irregular astigmatism, increasing my- 
opia, and inferior steepening. Further 
considerations for early detection 
would inelude serial measurements of 
corneal thickness. If any of the above 
signs were to develop, we would rec- 
ommend discontinuation of contact 
lens use. However, we cannot be sure 
these signs will not progress regard- 
less of discontinuing contact lens wear. 
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æ To determine the reproducibility of 
currently available instruments for mea- 
suring cornea! power, two investigators 
“measured comparable locations on 18 
“nemmal human correas using a keratome- 
ter (Bausch & Lomb, Rochester, NY), the 
Coroii dps (Kera Corp, Santa Clara, 
Galt: and the Comeal Modeling System 
< (Computed Anatomy Inc, New York, NY). 
(For the two «eratescopes, average pow- 
ers around rings at comparable locations 
were used.) Comparisons made between 
instramentseftthe significance level of .05 
indicated thatthe <eratometer was more 
reproducible than the Corneal Modeling 
system and the Corneascope, and the 
- CorcnealModeiing System was more repro- 
‘ducible than the Carneascope. Of the 31 

projected or the surface of each 
nea Dy the Corneal Modeling System, 
1g 2 through 13-were read reasonably 
sroducibly ia that 76% of the measure- 
“ments on these rings differed by no more 
‘than 0.5 dionter. The Corneal Modeling 
System {software version 1.16) is 83% as 
reproducible as a weratometer reading at 
approximately.the edge of the 3-mm cen- 
tral zona on pormal human corneas and 
provides informaticn about corneal topog- 
raphy in a more reproducible and visually 
eseful manner than the other two instru- 
ments. 
(Arch Ophfiaimot 1990; 108:539-544) 

























Mwurgical manipulation of the cornea 
"te alter its shape in a predictable 
manner requires an accurate and re- 
ee methed of measuring cor- 
neal curvature, power, and topogra- 

Ey. This need has spawned increased 
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Keratometer, Photokeratoscope, 
and Video Imaging System 
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interest in measurement of corneal 
shape.''* Current clinical instruments 
and techniques for measuring anterior 
corneal curvature include keratom- 
etry," photokeratography,?*!!3"* and 
video keratography.**!" The method 
used for measuring corneal curvature 
with each of these instruments is dif- 
ferent; indeed, different methods can 
be used to measure corneal power us- 
ing the same instrument, and the 
method of capturing the image of the 
reflected mires (keratometer, photo- 
keratoscope, or videokeratoscope) may 
not be as important as the geometric 
and mathematical assumptions under- 
lying the methods of measurement. 
Unfortunately, some of these assump- 
tions are retained as proprietary by 
manufacturers. 

One way to compare these three 
types of instruments is to use cali- 
brated test spheres. We previously 
studied the ability of the keratometer 
(Bausch & Lomb, Rochester, NY), the 
Corneascope (Kera Corp, Santa Clara, 
Calif), and the Corneal Modeling Sys- 
tem (Computed Anatomy Inc, New 
York, NY) to measure calibrated steel 
test balls of varying dioptric power. 
We assessed both the accuracy (how 
close the measured value was to the 
actual value) and the precision (how 
reproducible the measurements were) 
of each instrument. This was possible, 
because each steel ball had a standard 
calibrated dioptric power for compar- 
ison. The keratometer and the Corneal 
Modeling System were found to be 
equally accurate and reproducible in 
their measurements of comparable lo- 
cations on the steel ball surfaces, the 
readings falling within +0.25 diopter 
(D) of the known values. The Cornea- 
scope was less accurate and reproduc- 
ible than the other two. 

Measurement of the normal, asym- 
metrically aspheric’*”’ human cornea 


is more difficult. One cannot assume - 


that an instrument capable of accurate 
and reproducible readings on the test 


_ sphere, where the radius of curvature 


Reproducibility of Corneal Power Measuremente— Ha 


F eproducibility of Normal Corneal Power Measuren aa o o 








and power are th= same at all petit 
can read an aspkeric surface, where 
the radius of curvature and power vary 
from one point <o another, equally - 
well. For example, the computational : 
algorithms requized to interpret the 
placido rings refected from an as- Æ > 
pheric surface are mere complex than a 
those used for £ spherical surface. 
Furthermore, the absolute power of a. 
human cornea is enkaown, and there- 
fore it is not poss-ble'to assess the ać- 
curacy of the instruments; thus, only 
the reproducibility Ce, the precision. 
and the repeatalility) of the instru 
ment can be determined. 244 Tn th 
present study, we determined the re 
producibility of power measurements. 
on 18 normal correas by two examin- 
ers using these th-ee instruments. For 
the keratoscopes, we ased the average 
power measurec around speciied 
rings. a 


















PATIENTS END METHODS — 
Patients anc] Instruments 


We examined 18 normal corneas of nine o 
volunteers, 26 to 50-years of age. The cor- `. 
neas had normal clazity and structure when > 
examined by slit-lamp microscopy. Because a 
the goal of our study was a comparison of ~ 
three instruments end not the character- 
ization of the normal cornea, we did notes- < 
tablish entry ceritera based on refractive  — 
error or keratometric power. Two investis o 
gators (5. L. C. and al. ce .), one a trained. ee 





ophthalinie fechnek gist, abaid “thres l 
measurements of each cornea with each of | 
the three petal canta keratometer, 2 


oi n with ae n 5 natriments prior : = 
to the commencemeat of the study. Thein- - ae 
vestigators had no prior knowledge of the _ 
power of the volunteers’ corneas. The ex- 
aminers took the thaee measurements with 
each instrument in. sequence, having the 
patient blink and reñxate gaze before each ` 
measurement, The sequence of measure- 
ments with the thre instruments was not > 
formally randomized, bat was not alway . E 
done in the same order.. a 

`The keratometer' avas-calibrated ùsinga o 
42.50-D steel ball provided by Bausch & — a 










































































Lomb. Prior to obtaining each measure- 
ment by the keratometer, the eye piece was 
set by each investigator according to the 
instructions of the manufacturer. The pa- 
tient’s head was stabilized by the chin rest 
and the patient was instructed to fixate on 
the red light in the center of the keratom- 
eter tube. The examiner aligned the central 
circular mires around the crosshair and fo- 
cused the instrument so that the central 
mires were concentric. The steep and fat 
meridians were then measured using only 
the cross-shaped mire, the dioptric power 
_ values being read from the scale on the 
© rotating knob on the drum by a second 
o: observer. On each examination, the values 
in the flat and steep meridians were aver- 
aged. A refractive index of 1.3375 (kerato- 
metric index) was assumed for conversion 
‘between radius of curvature and dioptric 
power.’ 

The internal alignment of the 12-ring 
_ Corneascope was set by the manufacturer 
_ and we assumed that there was no change 
in alignment during shipping. Each volun- 
-teer was asked to look at the fixation light 

- and Polaroid (Polaroid Corp, Cambridge, 
< Mass) photographs were taken of the plac- 
-— jdo rings reflected from the anterior surface 
of the cornea according to the manufactur- 
-ers instructions, until one sharply focused 
- -picture with minimal nose and brow shad- 
ows was obtained. The keratographs were 
sent coded to the Kera Corp where they 
were evaluated in a masked fashion using a 
computerized image analysis device with 
` proprietary computer programs (Kera- 
Sean). A 42.18-D test sphere was used to 
-ealibrate the KeraScanner. The techniques 
-for using the Corneasecope have been de- 
. seribed in detail previously for the 9-ring 
model.“ A printout was obtained with the 
- corneal power readings at 0°, 45°, 90°, 135°, 
180°, 225°, 270°, and 315° on each of the 12 
rings as well as the average power around 
_ each ring based on these eight measure- 
ments. 

The Corneal Modeling System’ was 
aligned and calibrated by the engineers of 
Computed Anatomy Inc during installation 
_ atthe Emory Eye Center, Atlanta, Ga. Cal- 
- {bration was accomplished with a 43-D test 
. sphere. Each volunteer was instructed to 
look at the fixation light at the end of the 
- keratoscope tunnel. The examiner focused 
the instrument by superimposing two heli- 
-um-neon laser slits on the anterior surface 
_ of the cornea and activated the instrument 
` to capture a real-time video image of the 31 
_ placido rings reflected from the surface of 
the cornea. Four keratographs were ob- 
“tained of each eye; the examiner selected 
“the keratograph with the sharpest focus 
and the least lash shadows as the image to 
be digitized and processed by the instru- 
“ment, using a series of proprietary com- 
- puter programs. The average dioptric 
-power of 256 points around each ring was 
computed. 

Both examiners took care to obtain read- 

ings and keratographs as free of artifacts as 
possible by encouraging the patient to 
maintain proper fixation, by achieving as 
clear a focus and central alignment as pos- 
sible, and by repeating the measurements 
and keratography to minimize brow and 
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lash shadows. For both the Corneascope 
photographs and the Corneal Modeling Sys- 
tem video images, no gross defects were 
seen in the images’ central and paracentral 
rings. 


Selection of Comparable Surface 
Locations for Measurement 


To compare the three instruments, the 
determination of comparable locations on 
the corneal surfaces was necessary. The 
keratometer projected a single mire onto 
the surface, producing a virtual image 
whose diameter was approximately 3 mm, 
depending on the radius of curvature of the 
cornea. To determine the Corneascope ring 
that most closely approximated the kera- 
tometer’s reflected mire, the ratio of each 
Corneascope ring’s horizontal diameter to 
the horizontal diameter of the cornea (lim- 
bus to limbus) was compared with the ratio 
of the keratometer mire’s horizontal diam- 
eter of 3 mm to the horizontal diameter of 
the cornea. The Corneascope’s third ring 
was most similar to the keratometer’s mire. 
The dioptric powers of all eight points given 
by the KeraScanner on the third ring were 
averaged and recorded. 

A similar comparison was made on the 
Corneal Modeling System, with the eighth 
ring best approximating the third ring on 
the Corneascope and the mire produced by 
the keratometer. Two hundred fifty-six 
points on the eighth ring were averaged to 
obtain the mean dioptric value for that 
ring. 


Measurement of Entire Corneal Surface 


To determine the reproducibility of the 
Corneal Modeling System measurements 
over the entire cornea, the mean dioptric 
value of each ring from the apex of the cor- 
nea to the periphery was obtained for each 
eye and for both examiners. There were 17 
eyes included in this portion of the study; 1 
eye was excluded because the paracentral 
cornea was not analyzed due to problems 
with the operating system software of the 
computer. 

We did not measure the reproducibility of 
readings for the 12 rings of the Corneascope 
because of the variability we had observed 
in ring 3 on steel test spheres, because of 
the variability that we observed in ring 3 on 
normal! corneas in this study, because brow 
and nose shadows obscured meaningful 
portions of the outer 2 or 3 rings in many 
keratographs, and because the rings did not 
cover the central and peripheral areas of 
the cornea. 


Statistical Analysis 


To determine the reproducibility of mea- 
surement, we calculated the deviation of 
each measurement from the mean of the 
three measurements of a cornea obtained 
by an investigator. The deviation scores 
were plotted and the percentage of scores 
within specific ranges were determined. 

To estimate the reproducibility of mea- 
surements taken by each investigator with 
each instrument, we used the mean squared 
error (MSE) of the 54 measurements taken 
by the investigator with the instrument. 
That is, for a given instrument, the variance 
of the three measurements taken on a cor- 


nea by an investigator was calculated; this 
was repeated for all 18 corneas and the 18 
variances were then averaged to determine 
the MSE. For each instrument, the Hartley 
test” was used to compare the MSEs for the 
two investigators. Also, for each investiga- 
tor, the Hartley test was used to compare 
the MSEs of each pair of instruments. 

To analyze the ability of the Corneal 
Modeling System to make reproducible 
measurements across the entire corneal 
surface, we calculated the maximum dif- 
ference between any two of the three mea- 
surements taken by an examiner on a ring 
and used this value to estimate the repro- 
ducibility for that ring. A maximum differ- 
ence of less than 0.5 D was selected as 
acceptable. The pereentage of rings that 
could not be quantified by the software 
programs was also noted. 

The level of statistical significance used 
in all statistical tests was .05. 


RESULTS 
Reproducibility of Instruments and 
investigators 


The deviation seores for the kera- 
tometer were highly reproducible, 
while the scores for the Corneascope 
and Corneal Modeling System were 
less reproducible (Fig 1, Table 1). All of 
the keratometer scores were 0.25 D or 
less, for both investigators. With the 
Corneascope, only 69% of investigator 
A’s scores and 54% of investigator B’s 
scores were within 0.25 D. With the 
Corneal Modeling System, 78% of in- 
vestigator A’s scores and 89% of in- 
vestigator B’s scores were within 0.25 
D. 

The results of the Hartley test com- 
paring the values obtained by two in- 
vestigators showed that for the Cor- 
neascope, investigator A’s measure- 
ments were more reproducible than 
those of investigator B (P <.01) and 
that there was no significant differ- 
ence between the results obtained by 
the investigators, with respect to re- 
producibility of measurement for the 
keratometer and Corneal Modeling 
System (P > .05 in both cases) (Table 
2, Fig 1). 

Because of this difference between 
the results obtained by the investiga- 
tors, it was decided to perform the 
Hartley test comparing the three in- 
struments separately for each investi- 
gator rather than pooling the results 
obtained by the two investigators. The 
results of the tests showed that, for 
investigator A, the keratometer mea- 
surements were more reproducible 
than the Corneascope and Corneal 
Modeling System measurements 
(P <.01 for both tests) and that there 
was no significant difference between 
the measurements on the Corneascope 
and Corneal Modeling System 
(P > .05). For investigator B, the kera- 
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Fig 1.—Comparison of the reproducibility of measurement at approximately the 3-mm zone by three instrumerts on 18 
normal human corneas. The scattergram shows the deviation from the mean of each of the three measuremerts of the 
cornea obtained by one investigator with each instrument on the vertical axis. The 18 normal eyes, the two investigators 
(A and B), and the three instruments are indicated across the horizontal axis. D indicates diopters. 


k Table 1.—The Deviation of Each Measurement From the Mean Corneal Power for 
W EE, Three Instruments in 18 Normal Corneas* 





% of 54 Measurements by Each Investigator 


Range of Keratometer 


Deviation, 


Diepters 


Corneascope 


Corneal Modeling System 





* Three measurements were taken on each cornea by each investigator with each instrument. These three 
measurements were averaged for each instrument. The deviation score was calculated as the difference of each 
individual measurement from the mean of the three for that instrument. A and B indicate the two investigators. 


temeter measurements were more re- 
producible than the Corneascope and 
Corneal Modeling System measure- 
ments, and the Corneal Modeling Sys- 
tem measurements were also more re- 
producible than those taken on the 
Corneascope (P <.01 for all three 
tests). 

We also calculated the MSE values 
(2 X YMSE) for each investigator-in- 
strument combination. These numbers 
ean be interpreted as follows: for in- 
vestigator A, approximately 95% of 
the measurements taken with the 
keratometer fell within 0.16 D of the 
mean of these measurements, approx- 
imately 95% of the measurements 
taken with the Corneascope fell within 
0.61 D of the mean, and approximately 


Arch Ophthalmol—vVol 108, April 1990 


95% of the measurements taken with 
the Corneal Modeling System fell 
within 0.49 D of the mean. For investi- 
gator B, approximately 95% of the 
measurements fell in the following 
ranges: keratometer, 0.20 D; Corneas- 
cope, 0.91 D; and Corneal Modeling 
System, 0.38 D. 


Reproducibility of Video Imaging System 


To study the ability of the Corneal 
Modeling System to measure repro- 
ducibly the entire surface of the cor- 
nea, we determined the total number 
of rings projected, the total number of 
rings quantified by the software, and 
the distribution of the maximum dif- 
ference score over the rings that were 
read. Although 31 rings were projected 


on the surface o` all corneas, the com- 
puter software was programmed to 
quantify only rings 1 through 27. Be- 
cause some values on rings 21 through 
27 were not interpreted by the com- 
puter algorithms (either because the 
rings could not ke digitized or because 
the digitized data eould not be ana- 
lyzed), 13% of taese rings were elimi- 
nated from our analysis (Table 2). For 
the remaining 28 rings, the number of 
rings that could be read precisely dif- 
fered from one cornea to another ( Fig 
2) and from one investigator to the 
other. For rings 3 to 9, 84% of the 
maximum difference scores were less 
than or equal tc 0.50 D; for rings 2 to 
13, 76% of the maximum difference 
scores were less -har or equal to 0.50 D; 
and for rings 1 to 27, 54% of the max- 
imum difference scares were less than 
or equal to 0.50 D ‘Figs 2 and 3, Ta- 
ble 2). 


COMMENT 
Reproducibility of Measurements at 
Approximately the 3-mm-Diameter Zone 


The measurenert of comparable 
points on 18 norma! human corneas of 
varying power Sy two investigators 
using the keratometer (average of two 
meridians), the Sorneascope (8 points 
on ring 3), and zhe Corneal Modeling 
System (256 po nts on ring 8), indi- 
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cated that the keratometer was more 
reproducible than the Corneal Model- 
ing System or the Corneascope and 
that the Corneal Modeling System was 
more reproducible than the Cornea- 
scope. Reproducibility of corneal 
power measurements is desirable 
within +0.25 D. We found that the 
percent of measurements with a devi- 
ation of less than or equal to 0.25 was 
100% for the keratometer, 83% for the 
Corneal Modeling System, and 61% for 
the Corneascope (Table 1). 
Weemphasize that the accuracy and 
reproducibility of measurements goes 
beyond the individual instrument and 
method of capture of the reflected cor- 
neal mires. Numerous assumptions 
about the cornea and numerous math- 
ematical assumptions underlie the 
analysis of these images. For example, 
keratometry can evaluate corneal 
shape only when the area within the 
keratometer mire is spherocylindrical. 
Since we do not know the exact extent 
of the spherocylindrical portion of the 
cornea (since it is an aspheric surface), 
it is difficult to know how accurately 
keratometry measurements portray 
the true corneal shape and power. To 
state that keratoscopy rings are being 
used to measure the actual shape of the 
cornea, the position of the ring on the 


cornea must be known in its X, Y, and 
Z locations. For example, the method 
described by Cohen and colleagues" 
measures the shape of the images, only 
assuming that they portray the shape 
of the cornea. The method described by 
Doss and colleagues'! measures the 
power of the keratoscope ring posi- 
tions, but does not localize these rings 
at specific X-Y positions on the corneal 
surface, so that the rings may only in- 
directly portray the corneal shape. The 
methods of Klyce,'*'> those used in the 
Corneal Modeling System,’ and Martin 
Gersten (personal oral communica- 
tion, September 1989) identify the X-Y 
position of each point measured on the 
corneal surface, so that they may more 
accurately portray corneal shape. How 
well both the instrument and the 
method of computation measure cor- 
neal shape depends on their accuracy 
and reproducibility. 

The examiner’s technique plays a 
role in these measurements, as dem- 
onstrated by the fact that there was a 
significant difference in the repeatabil- 
ity of measurements among all three 
instruments for investigator B, but no 
significant difference between the Cor- 
neascope and the Corneal Modeling 
System for investigator A (Tables 1 
and 2). Thus, careful training is im- 


im Table 2.—Distribution of Maximum Difference Scores Across the Cornea (Rings 1 
| Through 27) for the Corneal Modeling System 
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portant to, ensure proper alignment 
and focusing of the instruments. 


Reproducibility of the Video 
imaging System 


Because the Corneal Modeling Sys- 
tem potentially can image the entire 
surface of the cornea, we analyzed 
separately the precision of the mea- 
surements of all rings for this instru- 
ment. The computer was not pro- 
grammed to provide quantitative data 
for rings 28 through 31 and did not 
consistently read rings 21 through 27. 
The instrument could consistently 
quantify rings 1 through 20, but the 
precision of these measurements was 
less than desired, because only rings 2 
through 13 could be read with a preci- 
sion of 0.50 D (maximum difference 
scores of less than or equal to 0.50 D for 
76% of measurements), as contrasted 
to our finding that 99% of the mea- 
surements for ring 8 alone were less 
than or equal to 0.50 D (Table 2). Thus, 
at the time of this study, there was not 
available to clinicians an instrument 
that could reproducibly quantify the 
curvature of the peripheral cornea. 

The presumed reason for the greater 
variability in the analysis of rings 21 
through 27 was that the algorithms 
written to analyze the keratographs 
assumed that the cornea is a sphere. 
This assumption is approximately cor- 
rect for the central 3 to 5 mm diameter 
zone, but not for the aspheric paracen- 
tral and peripheral zones. Rewriting of 
the algorithms to take into account the 
aspheric optics of the cornea may im- 
prove the precision of measurement. 

We did not do a similar analysis 
across the rings of the Corneascope, 
and therefore do not know the preci- 
sion of readings for any rings other 
than ring 3. 


Fig 2.—Reproducibility of the Corneal Modeling System measurements. The bar graphs depict the precision of all the rings 
that could be consistently quantified by the Corneal Modeling System. Rings 28 through 31 were not quantified by the in- 
strument’s software and are therefore not shown. Thirteen percent of the readings from rings 21 through 27 were not ob- 
tained, so some bars do not reach the top. The number of rings read with a maximum difference of less than or equal to 
0.50 diopters (D) varied from O (eye No. 10) to 25 (eye No. 17). Rings 3 to 9 were read with good precision (84% of max- 
imum difference scores <0.50 D); rings 2 to 13 were read with reasonable precision (76% of maximum difference scores 
=0.50 D). The black areas of each bar indicate the rings that had all three measurements within 0.50 D of each other. 
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Fig 3.—The Cornea Modeling System projects 31 rings onto the surface of the cornea. Left, The 
corneal surface with all 31 rings. Center, The corneal surface with rings 1 to 27 for which quan- 
titative data were obtainable. Right, The corneal surface with rings 3 to 9, which were read with 
good precision (84% of the maximum difference scores <0.50 diopters). 


Clinical Problems During Measurement 


Clinically, the capability and practi- 
cal utility of these instruments must 
be considered in terms other than just 
the aceuracy’ and reproducibility of 
their measurements. 


Cooperaticn of the Patient 


Performing cerrect measurements 
was slight-y hineered by the inability 
of some patients o maintain their gaze 
on the fixatien lights. Reproducible 
measurements sequire that the pa- 
tient be reminded constantly to main- 
tain fixation, so the same location on 
the cornea be imaged repeatedly. 
Patients must bl nk frequently during 
keratography to avoid dry spots in the 
tear film, which produces irregulari- 
ties in the retected rings of the Cor- 
neal Modeling System and Cornea- 
scope. 


Focusing the Instruments 


All three imstmuments were focused 
by visual inspecteon of an image on the 
cornea. The keratometer was the 
easiest to focus, because the two circu- 
lar mires ereated by the doubling 
prism could be superimposed exactly. 
The Cornzal Modeling System re- 
quired overlap oftwo helium-neon slit- 
beam imaxes., without an exact end 
point. Mors recent models have an im- 
proved mechani.m for focusing that 
centers the cornea horizontally and 
vertically. The Corneascope focused a 
single image of é cross, without a sec- 
ond image to superimpose. We think 
that the subjective judgment of the 
examiner required for focusing was a 
major factor that contributed to the 
diference in the precision of the in- 
struments particularly when it was 
made more diffieult by patient move- 
ment, improper alignment of the eye 
because of brew or eyelid obstruction, 
and the patient's inability to maintain 
ocular fixation; however, we could not 
quantify the effect of variable focus- 
ing.Mores»phist»cated design of photo- 
keratoscopes amd videokeratoscopes 
might include aa autofocus feedback 
mechanism that would allow keratog- 
raphy only whemthe image is in focus. 
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Surface Area of the Cornea Measured 


Among the most important consid- 
erations is the surface area of the cor- 
nea being measured. Keratometry di- 
rectly measures a miniscule area of the 
cornea by projecting a 50-um diameter 
mire onto the corneal surface, measur- 
ing the image at two points approxi- 
mately 3 mm apart.' This is an accu- 
rate and reproducible estimate, as long 
as the area being measured is spheri- 
cal, but the presence of a nonspherical 
surface, as occurs commonly after cor- 
neal surgery, makes keratometry 
readings less useful clinically.?*!""8 

The 12 corneascope mires, on the 
other hand, cover roughly two thirds of 
the cornea (Rowsey and colleagues? 
found that nine rings covered approx- 
imately 35% of the cornea). There is no 
direct measurement of the 1- to 2-mm 
central or the peripheral cornea. Even 
then, the inner ring and outer two or 
three rings sometimes cannot be ana- 
lyzed, reducing the area of the cornea 
actually measured. KRowsey and 
colleagues’ have tested the repeatabil- 
ity of Corneascope photographs of 
plastic test spheres as read by the 
KeraScanner. The 90% confidence in- 
terval for an 8-mm radius sphere was 
7.91 to 8.09 mm and for a10-mm radius 
sphere was 9.89 to 10.11. They also re- 
ported the repeatability of measuring 
one eye of a patient 10 times. A dif- 
ferent patient was examined at each of 
nine different study centers. The SD of 
the radius of curvature for each of the 
nine Corneascope rings varied from 
0.023 mm to 0.124 mm, indicating good 
repeatability. The range between min- 
imum and maximum repeatable values 
in this group of eyes for rings 2 
through 9 ranged from 0.070 to 0.280 
mm, indicating that almost 100% of 
the repeated readings fell within a 
range of 1 D, similar to our findings 
(Table 1). 

The Corneal Modeling System, with 
the configuration and computer soft- 
ware (version 1.16) that we used, 
imaged the entire surface of the cornea 
(rings 1 to 31), provided quantitative 
readings for approximately 72% of the 
corneal surface (rings 1 to 27), gave 


reasonably consistent readings for 
39% of the corneal surface (rings 1 to 
20), and produced highly repeatable 
measurements for the optically impor- 
tant 3% of the cornea (rings 3 to 9). 
Thus, it gives more detailed informa- 
tion and reproducible measurements 
over a greater surface area of the cor- 
nea than other currently available in- 
struments. : 


Information Provided by Each Instrument 


The keratometer provided readings 
of corneal power that had to be manu- 
ally transcribed from the drum; auto- 
mated keratometers ean provide print- 
outs of the corneal pewer with compu- 
tation of astigmatism and axis, some 
measuring a corneal shape factor.‘ 

The Corneascepe provided a Pol- 
aroid photograpn for immediate in- 
spection and qualitative interpreta- 
tion. The photograph could be digitized 
by manually placing it in the Kera- 
Scanner, which produced a variety of 
printouts including a faceplate with 
quantitative reacings along eight me- 
ridians at the junction with each of the 
12 rings, as well as computations of 
power around each ring and along each 
meridian. Computer programs can be 
coupled to this instrument for graphic 
presentation of the data. 

The Corneal Modeling System pro- 
vided a video display of the keratogra- 
phy pattern, a cclor-coded map of the 
corneal power (the colors being quan- 
tified according to an absolute power 
scale in 1.5 D steps and a relative 
power scale in approximately 0.25 D 
steps), and the average power readings 
around each analyzable ring. The ra- 
dius of curvature and corneal power 
can be determined at any point on the 
surface of the cornea by moving a cur- 
sor to a location that is specified by 
semimeridian in degrees and by dis- 
tance from the center in millimeters. 
These images can be generated quickly 
on the video screen by the operator, 
who follows a simple computer menu. 
The qualitative Polaroid photographs 
may be taken of the images off the 
screen to provide a permanent record. 
The computer program used to analyze 
the video keratozraphs in this study 
was version 1.16. In early 1989, version 
1.2 was released, with increased speed 
and fewer problems. 

Both the Corneascope and the Cor- 
neal Modeling System provide kerato- 
graphs that can be interpreted quali- 
tatively to help interpret clinical cor- 
neal disease. This requires pattern- 
reading the contours of the rings on 
the Corneascope keratograph,” which 
requires more skill than simply read- 
ing the color-coded patterns generated 
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quired a different amount of time to 
‘procure the information, although we 
= did not perform quantitative esti- 
< mates of the exact amount of time re- 
_ quired. The keratometer took the least 
< amount of time but provided the least 
information. The Corneal Modeling 
ystem took the next most time, re- 
‘quiring an estimated 12 to 15 minutes 
o obtain four video keratographs. 
‘The Corneascope and KeraScanner, if 
hey were located in the same room, 
would require roughly 5 to 8 minutes 
‘to obtain and analyze good kerato- 
graphs. 
- We did not quantify the amount of 
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d time that it took for an examiner to. : 
_ become proficient with each instru- 
ment, but there is no question that the 


Corneal Modeling System requires 
more technical knowledge, training, 
and skill during operation than the 
Corneascope-KeraScanner, which also 
requires a modest amount of training 
and practice. Most ophthalmic person- 
nel learn to use a keratometer as part 
of their training, and it requires the 
least technical skill and practice of the 
three instruments. 
Cost 

The increased information provided 
by the Corneal Modeling System does 
not come cheaply, the system costing 
tens of thousands of dollars, in com- 
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ooo œ We determined the prevalence of 
_ ‘hemorrhage within 1 disc diameter of the 
optic nerve head by masked examination 

| < “td stereoscepic color and red-free fundus 
"photographs in @ multiyear study of 1123 

patients. At the first (baseline) examina- 
ton, disc hemorrhages were present in 

none of the vornal subjects (O of 661), 

1.44% (6/1377) -of “glaucoma suspect” 

subjects, and 2.44% (3/123) of glaucoma- 

‘tous eyes. Dies hemorrhage prevalence in 

ae ‘glaucomatous eyes was significantly 
_ higher than anormal or glaucoma suspect 
ayes. Glaucoma suspect eyes with disc 

1orrhage. eorepared with matched sus- 

sect eyes without disc hemorrhage, had a 

arger mear vertical cup-disc ratio, an 

--Gacreased rate ofinerve fiber layer atrophy 

tf year foliowing-disc hemorrhage, and a 

higher rate o? conversion to initial visual 

field loss (rumedically higher conversion 
though not statistically significant). While 
the number ofeyes with disc hemorrhages 
ie this study is small, in a patient with 
glaucoma: or ocular hypertension, disc 

‘hemorrhageaapaars to be associated with 

@ greater likelihood of ongoing damage. 
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i as a screening pisol for glaucoma. 
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in a Longitudinal Study of Glaucoma 


(biective signs of progressive optic 

nerve damage in glaucoma are 
needed to monitor the adequacy of 
therapy for those eyes most likely to 
suffer progressive injury. Evaluating 
the appearance of the optic dise and its 
cup is part of a glaucoma assessment. 
Initially Bjerrum’ and later Drance 
and Begg’ suggested that splinter- 
shaped hemorrhages on the dise rim 
are signs of progressive optic nerve 
damage in glaucoma. Although retro- 
spective fundus photograph reviews*!! 
have studied optic dise hemorrhage 
(DH) occurrence, it is difficult to obtain 
accurate prevalence information be- 
cause of potential selection bias. Pro- 
spective studies," especially those in 
which all cases are examined or other- 
wise accounted for following enroll- 
ment,“ should provide more accurate 
estimates. With a single exception,” 
published prospective studies report a 
lower prevalence of DH than do retro- 
spective studies (Table 1). 

We report the results of the baseline 
examination of 2161 eyes from normal 
controls and patients with elevated in- 
traocular pressure (IOP), of whom 
1413 were followed up annually for 1 or 
more years in the Glaucoma Screening 
Study of The Wilmer Institute, Balti- 
more, Md. We correlate the presence or 
absence of DHs with the clinical diag- 
nosis and with multiple ocular, sys- 
temic, behavioral, and demographic 
factors. 

We believe this is the first prospec- 
tive study of DH in a cohort of patients 
in the United States. A study with 
comparable methods was performed in 
Japan. 


SUBJECTS AND METHODS 


The Glaucoma Screening Study was de- 
signed to improve techniques for photo- 
graphing and assessing the retinal nerve 
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fiber layer (NFL to define the di 
and specificity of NFL. assessment for iden- 
tifying individuals with established visua 
field loss, and to evaluate the potential. Of: 
NFL assessment in predicting progression 
of “glaucoma suspects” to field loss." Ito- 
was extended to the evaluation of auto- 
mated visual field screening and testing 
strategies and the development of bette 
approaches to interpretation ofthe 
data. = 
Patients were recruited to the Glaucénia 
Screening Study from the general clinics ol 
The Wilmer Institute and from its glau- 
coma service, but more commonly from 
private ophthalmologists. No patient was. 5 
specifically entered because of the presence 
or absence of DH. Age-matched normal — 
subjects were recruited from general med- 
ical clinics and from citizen and church 
groups in Baltimere. 
At the first interview, smoking history 
and the presence ef systemic conditions, i ins 
cluding hypertension diabetes, coronary 
artery disease, cerebrovascular disease, 
multiple sclerosis, and “other neurologic 
and vascular diseases,” were elicited and © 
then checked against historical data ob- 
tained from referring physicians. At the — 
baseline and second visits (1 year later), all 
persons received an ophthalmologic exam- 
ination that included a visual field test us- 
ing the Goldmann perimeter, dilated ste- 
reoscopic ophtha'moscopy, and photogra- a 
phy of the optic dise and NFL in color and 
red-free light." Applanation tonometry- 
was performed after pupil dilation (one 
drop each of 1% tropicamide and 2.5% phe- _ 
nylephrine hydrochloride) to keep the cor- 
nea clear for photography. a 
The following conditions excluded a0: 
Glaucoma Screering Study patient from ` 
the analysis in this report: normal subjects ` 
with a family history of glaucoma, narrow 
angle glaucoma, myopia of greater than 5 —_ 
diopters, nystagmus, past retinal laser - 
therapy, presence of retinal hemorrhages _ 
due to venous ocdusire disease, hhyperten- 
sive or diabetic retinopathy, or dise swell- a 
ing associated with optic neuritis ¢ or is- a 
chemie optie neuropathy. — 
Diagnostic groaps were. defined | as fol- 
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lows: (1) normal (control) eyes were those 
vith an IOP Jess than 21 mm Hg, no glau- 
oma history in relatives through grand- 
arents, and a normal result on the Gold- 
nann visual field test; (2) glaucoma suspect 
yes had repeated IOPs greater than 21 mm 
Ig, with normal results on the Goldmann 
ual field test; and (3) eyes with glauco- 
atous field loss had IOPs greater than 21 
mm Hg on at least two occasions prior to 
‘therapy and met previously reported 
-eriteria* for glaucomatous defects on at 
-Jeast two visual field tests with the Gold- 
“mann perimeter. Subsequent visual field 
valuation was by both manual and com- 
terized perimetry. 

-After baseline examination, glaucoma 
‘suspects and patients with glaucoma con- 
‘tinued to be examined annually. A ran- 
“domly selected subsample of normal sub- 
jects was reexamined annually. Optic disc 
characteristics were examined indepen- 
dently by two observers, using color stereo- 
-scopie photographs (slides) and red-free 
-photographs (positive transparencies), 
without knowledge of patient data. The 
color stereo slides were examined for cup- 
: dise ratio; the presence and clock hour loca- 
tion of a DH (within 1 disc diameter of the 
-optie nerve head); and the presence, type 
_(slitlike or diffuse), and location (in clock 
hours) of retinal NFL atrophy. Red-free 
positive transparencies were examined, 
with the optic disc covered, to identify DHs 
and details of retinal NFL atrophy. 

-A third observer reviewed the dise pho- 
tographs in unmasked fashion to exclude 
DHs related to diabetic and hypertensive 
retinopathy, venous occlusive disease, pap- 
illitis, and ischemic optic neuropathy. Some 
presumed DHs, identified on masked read- 
ng of black-and-white transparencies, 
were actually small blood vessels or pig- 
ment abnormalities. These were also ex- 
cluded from our DH data (Table 2). Hence, 
the diagnosis of glaucomatous DH in this 
study depended on verification by the third 
- -observer of the reading of at least one of the 
- two masked observers. 

_ _ Unless stated otherwise, comparisons 
_ were made using Fisher's Exact Test (two- 
tailed). Within diagnostic groups, eyes with 
> DH were compared with the full popula- 
tions for age (t test), race, and sex. Differ- 
ences in DH prevalence between diagnostic 
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Glaucoma 
Suspect 
Eyes 
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Giaucoma 





6/1377 (0.44) 3/123 (2.44) 


7/1027 (0.68) 0/107 (0) 
1/408 (0.25) 8/363 (2.20) 
7/18 (38.9) 





42/534 (7.87) 
38/168 (22.62) 
77 #2000 (3.85) 
68/2000 (3.40) 


5/284 (1.76) 
4/100 (4.00) 


aan mmer eiir aa iaaa aa tnd 


groups were assessed. To evaluate potential 
risk factors, each eye with DH was paired 
with seven eyes without DH, matched for 
age (+5 years), race, sex, laterality, and di- 
agnostic group (normal, glaucoma suspect, 
or glaucoma). For a few eyes, only five such 
controls were available. Comparisons of 
mean cup-dise ratio and IOP were made by 
t tests. We also determined the relationship 
of DH to NFL atrophy, occurrence and pro- 
gression of visual field defect, smoking, 
hypertension, diabetes (retinopathy ex- 
cluded), multiple sclerosis, cerebrovascular 
disease, coronary artery disease, and other 
neurologic or vascular diseases. 


RESULTS 


Photographs from the baseline ex- 
amination were available for 2161 eyes 
of 1123 patients, ranging in age from 18 
to 88 years. Of these, 1413 eyes were 
photographed at a second examina- 
tion, 1 year later. All had been exam- 
ined by at least one masked observer. 
Seventy percent of color and red-free 
photographs were examined by each 
observer, and 41% were examined by 
both. In all, 16 eyes with DH were 
identified from color photographs, and 
4 of these were also independently re- 
ported from red-free photographs in 
which the DH was outside the mask 
over the nerve head. Color photo- 
graphs from 10 of the 16 eyes with DH 
were examined by both observers; one 
observer identified 8 DHs in the 10 eyes 
with DH, while the other observer 
identified 7 DHs in the 10 eyes with DH 
(80% and 70% detection rates, respec- 
tively). Both observers noted the DH in 
only 5 of 10 eyes with DH. 

At the baseline examination, DH 
was present in 0 of 661 normal control 
eyes (0.00%; 95% confidence interval 
[CI] for Poisson distribution: 0% to 
0.70%), 6 of 1877 glaucoma suspect 
eyes (0.44%; 95% CI: 0.16% to 0.95% ), 
and 3 of 123 eyes with glaucomatous 
field loss (2.44%; 95% CL 0.5% to7.1% ) 
(Table 1). Patients with DHs were not 
significantly older or younger than 
















Diabetic retinopathy 11 
Retinal venous occlusion 2 
Blood vessel abnormalities 6 
Optociliary shunt vessel 1 
Curvature abnormality 5 





“Nerve” abnormalities 
Anterior ischemic optic neuropathy 1 
Nerve fiber layer abnormality 1 
Pigment abnormalities 3 
Melanocytoma 1 
2 
3 











Other 
Total 3 








their respective controls without DH 
in either suspect or glaucoma groups. 
Sex and race were not significantly re- 
lated to DH prevalence. Clinical data 
for patients with DH are given in Ta- 
ble 8. 

At the baseline visit, the prevalence 
of DH in eyes with glaucoma was sig- 
nificantly higher than in normal (P = 
004) or glaucoma suspect (P= 
031) eyes. At the second visit, 1 year 
later, no DHs were detected in the 
normal group (0 of 279; 95% Cl: 0% to 
1.65% ) or in the group with glaucoma- 
tous field loss (0 of 107; 95% CI: 0% to 
4.3%). Among glaucoma suspect eyes 
at that visit, 7 of 1027 (0.68%; 95% CI: 
0.27% to 1.40%) had DHs. 

Dise hemorrhages were most fre- 
quent in the inferior quadrant (3 supe- 
rior, 10 inferior, 2 temporal, and 2 na- 
sal). Eight of 10 inferior hemorrhages 
were inferotemporal (Fig 1). 

No statistically significant differ- 
ence was determined in the mean IOPs 
of eyes with DH compared with 
matched eyes without DH from the 
same diagnostic group (e.g., glaucoma 
suspect, or glaucoma). 

The mean vertical and horizontal 
cup-dise ratios were larger for the 
glaucoma suspect eyes with DH com- 
pared with matched suspect eyes with- 
out DH (P=.011, Tables 3 and 4). 
Glaucomatous eyes with field loss with 
DH and their matched controls with- 
out DH had equally large mean verti- 
cal cup-dise ratios (0.80 and 0.78, re- 
spectively). 

At the time of DH, NFL atrophy was 
already present in about one third of 
glaucoma suspect eyes with DH and 
matched suspect eyes without DH (Ta- 
ble 5). There was diffuse NFL atrophy 
in nearly all glaucomatous eyes with 
field loss; hence, no difference was ex- 
pected between eyes with DH and 
matched eyes without DH. 

Nerve fiber layer readings inferior, 
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Age, y/Sex HTN DM IOP-PX IOP-HX C/Dv 


Glaucoma Field Loss 


1/67/M 10 0 22 25 0.8 
3/64) F 20 O 40 40 0.8 
4/70/M O 0 32 23 0.8 
\ Glaucoma Suspect 3 
2/67/M 10 0 22 26 0.6 
5/51/F 1 O 24 25 0.3 
6/67/F 0 0 34 37 0.8 
T/67/F 20 0 27 17 0.7 
8/61/M O 0 28 23 0.7 
9/53/M O o 20 23 0.8 
10/53/M 0 O 28 23 0.8 
11/58/M O 0 23 20 0.7 
12/33/M 0 0 30 18 0.4 
13/38/M 0 0 36 32 0.4 
14/55/F o O 24 20 0.6 
15/81/F 12 1 18 23 0.8 
16/68/F 25 1 23 31 0.5 
17/37 /M 4 0 23 18 0.5 


* 


One patienthad two separate disc hemorrhages on the first visit. Patients 9 and 10 had the same eye ob- 


served, 8 months apart. There were 17 disc hemorrhages in 16 different eyes. HTN indicates hypertension; DM, 
diabetes mellitus; IOP-HX, intraocular pressure from referring physicians, most prior to dilation of pupil; IOP-PX, 
intraocular pressure from glaucoma screening study examination, most with dilated pupil; and C/Dv, vertical 


cup-disc ratio. 


superior, and temporal to the disc were 
classified as normal, local defect, or 
diffuse atrophy. No other quantitative 
degree of atraphy was judged. The re- 
produeibility,-sensitivity, and specific- 
ity of these readings were reported.’ A 
change in NFL status was, therefore, 
indicated either by a zone converting 
from normal to atrophic or by local 
defect changing to diffuse atrophy. 
Glaucema suspect eyes with DH were 
14 times more likely to have a worsen- 
ing of NFL status in the year after DH 
than their matched controls (Table 6). 
There were 3 such glaucoma suspect 
eyes with DH whose NFL changed and 
in 2 of these, the NFL alteration in- 
volved an area within 30° of the prior 
DH position (Fig 2). There were only 2 
eyes with glaucoma for this analysis, 
with 1 of these showing subsequent 
NFL worsening (50% ) compared with 
a similar change in 13% of their 15 
matched controls (P = .33). 

We compared the rate of con- 
version” from normal to abnormal 
field test result, at 1 and 2 years from 
baseline, in glaucoma suspect eyes 
with DH and matched suspect eyes 
without DH. While the proportion of 
eyes with DH converting to field loss 
was three times as high, this differ- 
ence was not statistically significant 
(Table 7). In glaucomatous eyes with 
DH and their matched controls with- 
out DH, we reviewed serial kinetic 
field test results 1 and 2 years after DH 
in a masked fashion. Progression of 
field loss was defined as a consistent, 
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Table 4.—Comparison of Cup-Disc 
Ratios * 







Glaucoma suspect eyes 






C/Dv 0.60 0.46 .011 

C/Dh 0.56 0.46 .053 
» Eyes with glaucoma 

C/Dv 0.80 0.78 .90 









C/Dh 0.73 0.79 .64 


*DH indicates disc hemorrhage; C/Dv, vertical 
cup-disc ratio; and C/Dh, horizontal cup-disc ratio. P 
was measured by Fisher's Exact Test (two-tailed ñ. 





definite worsening of field perfor- 
mance in the subjective judgment of 
our expert. There was no increased 
rate of field loss progression in eyes 
with glaucoma compared with their 
matched controls without DH 1 or 2 
years after DH (Table 7). 

There was no significant difference 
in the prevalence of systemic diseases 
between eyes with DH and matched 
controls without DH. The diseases in- 
cluded in this survey were hyperten- 
sion, multiple sclerosis, diabetes 
(retinopathy excluded), coronary ar- 
tery disease, cerebrovascular disease, 
and other neurologic and vascular dis- 
ease. In addition, current or reformed 
smokers had no greater prevalence of 
DH. 


COMMENT 


The DH occurrence rates in other 
studies are only partly comparable 
with ours.” Some previous studies do 
not include detailed diagnostic criteria 








Superor 


Temporal 
i 
| 
JeSeN 


Inferor 


Fig 1.—Distributior of 17 disc hemorrhages 
from 16 eyes drawn as ‘hough all were in the 
right eye. Ten dischemosrhages occurred infe- 
riorly between the 4:3C and 7:30 positions, 
three occurred superiođy between the 2:30 
and 10:30 positions, ard two each occurred 
temporally and nasally. 


an A £ EOR- TH ai. < A s. a7 G 


vas Apne A Shiri Oe N 
DH Non-DH P 
Glaucoma 
suspect 
eyes 3/9 (33) 
Eyes with 
glaucoma 3/3{100) 20/21 (95) NSt 


* Nerve fiber layer atrophy was either slit defect or 
diffuse atrophy, assessed frem red-free photographs. 
In four glaucoma suspect eves, the nerve fiber layer 
could not be assessed P was measured by Fisher's 
Exact Test (two-tailed f. \salues are number/total 
number (percent). 

TNS indicates not significant. 






17/63 (27) .43 
















Table 6.—Progression of Nerve Fiber — 
Layer Atrophy 1 Year After Disc _ 
Hemorhags (DH) — 
DH Non-DH P 
Glaucoma 
suspect 
eyes 3/7 (42) 2/56 (3) .007 


Eyes with 
glaucoma 









1/2(50) 2/15(13) NSt 


* Although there were 13eglaucoma suspect eyes 
with DH, only 7 of these could be used for this com- 
parison. Of the remaining 6 ayes, 4 did not have fol- 
low-up photographs, 1 had a unreadable nerve fiber 
layer photograph, and | hac diffuse nerve fiber layer 
atrophy at the time of DH. F was measured by Fish- 
er's Exact Test (two-tailed # Values are number /to- 
tal number (percent). 
tNS indicates not significant. 






for glaucoma in terms of IOP and 
visual field loss. In ether studies, re- 
ferral bias (the traasfer of patients 
manifesting DH to centers or study 
personnel known to be interested in 
the study of DH) or the likelihood of 
eliciting a photograph might elevate 
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300 
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Fig 2.—Disc hemorrhage (DH) with subsequent evolution of corresponding nerve fiber layer (NFL) atrophy and visual field 
loss in a “glaucoma suspect eye.” Top left, At the first visit, there was a normal optic disc and NFL, with a normal Goldmann 
visual field (not shown). Top right, Photograph from the second visit shows a DH at the 7:30 position (inferotemporally in the 
right eye) with some local NFL atrophy. Bottom left, Third and later Goldmann and Humphrey visual fields show the presence 
of superior paracentral scotomas with a nasal step and eventual complete Bjerrum scotoma corresponding to the location 
of DH and of NFL atrophy. Bottom right, This red-free photograph from the third visit shows increased NFL atrophy near the 
site of DH. 
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2/9 (22) 6/86 (7) 





1/3 (33) 4/17 (24) 
3/12 (25) 10/103 (10) 

* P> OS for alicomparisons. Values are number / 
total number (percent). 


À glaucoma 
| All eyes 








the apparent DH prevalence. Further- 
more, in mos: prior reports, reviews of 
patient files were not limited to point 
prevalence at discrete intervals. 
Hence, episodes of DH could accumu- 
late, providing a distorted estimate of 
th likelihood of observing a DH at any 
wie examiszation. In Table 1, we have 
2 I to compare information 







We i included only the first DH 
dentified i in a patient in a given year 
where this information was evident 
for other studies. Only Kitazawa et al’ 
have studied DH prevalence prospec- 
tively in defined diagnostic groups 
similar to.ours. Their prevalence rates 
(Table 1) are close to those reported 
here. 
pi E prevaience of DHs elearly de- 
pends on the group of eyes studied. A 
opu ion-kased study would be ideal. 
laucoma Screening Study is not 
jon based, although we have 
to beleve it is reasonably com- 
le witu an unselected group of 
phthalmol mic subjects, except for 
the exclusion of persons with a family 
history of glaucoma from among our 
norma. controls. Because of the low 
prevalente cf glaucoma in the general 
popal lation, and the low prevalence of 
DH in glaucoma, a prohibitively large 
population would need to be examined 
to determine DH prevalence in a pop- 
-ulation-based study. Similarly, look- 
ing for DH alone is not a useful glau- 
coma screening technique. 

‘The prospective consecutive patient 
ies by Gutteridge" and Cockburn’ 
‘lauded adequate diagnostic criteria 
ò caleulate DH prevalence only for 
their werall samples. The limited pop- 

ulation survey of Bengtsson et al??? 

reported DE prevalence of 38.9% (7/ 
18) in eyes with newly detected glau- 
comateus field loss. This study re- 
ported a very low glaucoma prevalence 
largely contributing to its extraordi- 
narily high DH prevalenee. 
= We found no DH in normal eyes (0 of 
, , 661). Bengtsson et al?” determined a 
A OITO prevalence (5/3000), while Ki- 
i „tazawa et al* found a prevalence of 
_ 0.21% (2/945) in normal eyes. Bengts- 
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son et al did not specify a glaucoma 


suspect category, but indicated that of 
the 5 “normal” eyes with DH, 2 later 
developed glaucomatous field loss, 1 
had fluctuating field abnormalities, 
and 1 patient died. Hence, only 1 of 5 

“normal” eyes with DH remained nor- 
mal at last observation. A single pa- 
tient with glaucoma with DH included 
in a group of normal subjects could 
give a remarkable statistical change. 
Spaeth? commented that since the 
glaucoma population is approximately 
100 times smaller than the normal 
population, DH prevalence in normal 
subjects must be more than 100 times 
lower than in patients with glaucoma 
to coincide with our clinical experi- 
ence. For our data, this implies that 
DH prevalence in normal subjects 
should be less than 0.02%. 

It is possible that we did not detect 
some DHs that were present. Disc 
hemorrhages may be quite small, and 
may easily be missed without diligent 
examination.” Two observers exam- 
ined 41% of both red-free and stereo- 
scopic color photographs of our pa- 
tients. The remaining 69% of the pho- 
tographs were examined by only one 
masked observer. While one observer 
reported 70% of the DHs, the other 
identified 80% of the DHs seen in the 
eyes that they both examined. If we 
assume that no additional DHs were 
missed in photographs examined by 
both observers, approximately 85% of 
the total number of DHs present 
should have been detected. 

Our study gives no data on DH inci- 
dence, duration, or recurrence rate. We 
observed one eye with a DH noted on 
the first examination, and again on the 
second examination, 8 months later, at 
the same location. This could represent 
a DH lasting 8 months or a recurrent 
DH at the same location. Kitazawa et 
al" showed that DHs last an average of 
10.5 weeks (range, 2 to 35 weeks). 

The DH prevalence for eyes with 
glaucoma at the first examination 
(2.44% ) was significantly higher than 
for glaucoma suspect eyes or normal 
eyes. Although we saw three DHs in 
123 eyes with glaucoma at the first ex- 
amination, none were seen in 107 eyes 
with glaucoma at the second examina- 
tion. The 95% CIs for these observa- 
tions overlap, so that the difference in 
observed DH prevalence in eyes with 
glaucoma might just be due to the low 
prevalence and the small number of 
eyes with field loss in this study. 

We identified 10 (59% ) of 17 DHs in 
the inferior half of the dise, a distri- 
bution similar to that already re- 
ported.* The inferotemporal pref- 
erence correlates with the usual posi- 





he dise rim, and 
ed aircon ; 







tion of notching of t 
with ae to the s 


tion of the antag ire gle i 
that connective-tissue pores allowin, 


through the lamina are larger at the a 


superior and inferior poles,” suggest- 


ing poorer support fi or neural tissue _ 
and easier damage. Hist 3 

tion of human eyes with chronic glau- 
coma has verified that the disc areas _ 
most susceptible to damage are the ~ 
superior and inferior poles, especially 
at the inferotemporal dise rim” — 
Hence, DH could be. associated with 

ongoing glaucoma damage. 





At our initial examination, DHs — 
were more commen in eyes with glau- 


comatous field less than in normal 
eyes. There was a larger mean vertical 


cup-dise ratio in glaucoma suspect — 
eyes with DH compared with matched. 


suspect eyes without DH, Although 
there was no increased cup-dise ratio” 
for glaucomatous eyes with DH com- 
pared with matched glaucomatous 
eyes without DH. their cups were al. 


ready so large (0:80) that it would be 
difficult to detect a difference. Mean 
IOP in eyes with DH was higher than 
controls (though not significantly so) 
There was a worsening of NFL status 
in 42% (3/7) of glaucoma suspect eyes - 
with DH compared with only 34% (2/ ` 
06) of matched glaucoma suspect eyes > 


without DH by the next year’s exami- > 
nation. Two years after DH detection, 
visual field loss had developed in 2% 
(2/9) of suspect. eyes with DH, while - 
only 7% (6/86) of matched suspect eyes 
without DH developed abnormal vi- 
sual field findings. These worsened in 
33% (1/7 3) of glaucomatous eyes with 
DH and in 24% (4/17) of matched 
glaucomatous eyes without DH, not 
statistically significantly, likely be- 
cause of the limited number of eyes 
compared. Although based on a small 
number of eyes, our findings also sug- 
gest that DH is related to disc damage, 
NFL loss, and visua! field loss. 

Other reports support the link be- 
tween DH and glaucomatous optic 


neuropathy. Susanna et al’ reviewed ven 


randomly selected charts of 84 pa- 
tients with glaucoma and 50 with. ocu- 
lar hypertension, covering an average 
of 4.7 years, with an average of 10 ex- 


aminations. They found DH preva- os 


lence was greater in glaucomatous 


eyes compared with ocular hyperten- 
sives. In addition, pregression of visual 
field deficit occurred more frequently 
in glaucoma suspect eyes and those 
with field loss with DH compared with — 
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atched eyes without DH" Ai 

aksinen et al” presented selected ex- 
amples in which DH preceded NFL at 
- rophy and visual field loss. | 
Not all studies have found a correla- 
tion between DH and progressive 
nerve damage. Tuulonen et al” mea- 
sured the progression of cup volume 
z and eup-dise area ratio, using stereo- 
photogrammetry. Glaucomatous eyes 
with DH did not differ from those 
without DH in the rate of change of 
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these indexes. In our data, the major- 
ity of eyes with DH did not show other 
clinical signs of progressive glaucoma- 


tous neuropathy 1 to 2 years |: er. This 
suggests that either some DHs are not 


. associated with damage or that cur- 


rent techniques for assessing the NFL 
and visual field are insensitive to some 
glaucomatous damage that occurs 
with DH. 


This study was supported in part by a postdoc- 
toral fellowship from the Association for Re- 


References 


disce hemorrhage in low tension glaucoma. Oph- 
thalmology. 1986;93:853-857. 

16. Cockburn DM. Clinical significance of hem- 
orrhages in the optic disc. Am J Optom Physiol 
Opt. 1987;64:450-457. 

17. Sommer A, Quigley HA, Robin AL, Miller 
NR, Katz J, Arkell S. Evaluation of nerve fiber 
layer assessment. Arch Ophthalmol. 1984;102: 
1766-1771. 

18. Sommer A, D’Anna SA, Kues HA, et al. 
High resolution photography of the retinal nerve 
fiber layer. Am J Ophthalmol. 1983;96:535-539. 

19. Sommer A, Kues HA, D'Anna SA, George 
T. Cross-polarization photography of the nerve 
fiber layer. Arch Ophthalmol. 1984;102:864-869. 

20. Sommer A, Duggan C, Auer C, et al. Ana- 
lytic approaches to the interpretation of auto- 
mated threshold perimetric data for the diagno- 
sis of early glaucoma. Trans Am Ophthalmol Soc. 
1985;83:250-267. 

21, Duggan C, Sommer A, Auer C, Burkhard K. 
Automated differential perimetry for detecting 
glaucomatous visual field loss. Am J Ophthalmol. 
1985;100:420-423. 

22. Kosoko O, Sommer A, Auer C. Duration of 
automated suprathreshold vs quantitative thres- 
hold field examination: impact of age and ocular 
status. Arch Ophthalmol. 1986;104:398-401. 

23. Katz J, Sommer A. Similarities between the 
visual fields of ocular hypertensives and normal 
eyes. Arch Ophthalmol. 1986;104:1648-1651. 

24. Kosoko O, Sommer A, Auer C. Screening 
with automated perimetry utilizing a threshold 
related three level algorithm. Ophthalmology. 
1986;93:882-886. 

25. Katz J, Sommer A. A longitudinal study of 
the age related variability of automated visual 
fields. Arch Ophthalmol. 1987;105:1083-1086. 

26. Armaly MF. Ocular pressure and visual 
fields. A ten year follow up study. Arch Ophthal- 
mol. 1969;81:25-40. 

27, Sutton DP. Incidence of optic disc hemor- 
rhage in chronic simple glaucoma and ocular hy- 
pertension. Br J Ophthalmol, 1982;66:546. 

28. Spaeth GL. In discussion: Kitazawa Y, 
Shirato S, Yamamoto T. Optic disc hemorrhage in 





amoy e BY 03608 (Dr Sa a H 01 (Dr 
{Core Facility Grant, The Wilmer Institute) from: 





the US Publie Health Service; a senior investiga- 
tor award from Research to Prevent Blindness- 
Inc, New York, NY (Dr Quigley); and unrestricted 
funds from the American Health Assistance. 
Foundation, Washington, DC, and the Alcon Re- 
search Institute, Fort Worth, Tex. . 
We thank all those individuals at The Wilmer 
Eye Institute who have contributed to this study. 
Special thanks are extended to Cheryl Enger, MS, 
statistician; Donna Gilbert, database manage- 
ment; and Rachel Sectt, patient management. 


low tension glaucoma. Ophthalmology. 1986;93: 
853-857. 

29. Heiji A. Frequent dise photography and 
computerized perimetry in eyes with optie dise 
haemorrhage: a pilot study. Acta Ophthalmol. 
1986;64:274-280, 

30. Poincosawmy D, Gloster J, Nagasubrama- 
nian 8, Hitchings R. The association between op- 
tic dise haemorrhages in glaucoma and abnormal 
glucose tolerance. Br J Ophthalmol. 1986;70:599- 
602. 

31. Tamada Y, Sasamori H, Ishikawa Y. Spiin- 
ter hemorrhage of the optic disec in glaucoma. Fo- 
lia Ophthalmol Jpn. 1979;30:1713-1718. 

32. Morin JD. Changes in the visual fields in 
glaucoma: static and kinetic perimetry in 2000. 
patients. Trans Am Ophthalmol Soc. 1979;77:622- 
642. 


33. Quigley HA, Addicks EM. Regional differ- 
ences in the structure of the lamina cribrosa and 
their relation to glaucomatous optie nerve dam- 
age. Arch Ophthalmol. 1981;99:137-143. 

34. Quigley HA, Dunkelberger GR, Green WR. 
Chronic human glaucoma causing selectively 
greater loss of large optic nerve fibers. Ophthal- 
mology. 1988:95:357-363. 

35. Susanna R, Drance SM, Douglas GR. The 
visual prognosis of the fellow eye in uniocular 
chronic open angle glaucoma. Br J Ophthalmol. 
1978;62:327-329. 

36. Holmin C, Krakau CET. Visual feld decay 
in normal subjects anc in cases of chronic glau- 
coma. Graefes Arch Clin Erp Ophthalmol. 
1980;213:291-298. 

37. Shihab ZM, Lee P-F, Hay P. The signifi- 
cance of disc hemorrhage in open angle glaucoma. 
Ophthalmology. 1982;89:211-213. 

38. Airaksinen PJ, Mustonen E, Alanko HI. 
Dise hemorrhages precede retinal nerve fiber 
layer defects in ocular hypertension. Acta Ophis 
thalmol. 1981;59:627-641. 

39. Tuulonen A, Takamoto T, Wu DC, ihware 
B. Optic disk cupping and pallor measurements of 
patients with a disk hemorrhage. Am J Ophthat- 
mol. 1987;103:505-511. 


Disc Hemorrhage—Diehi et al 





cne Dysfunction in a Subgroup of Patients With 





e “our patients with autosomal domi- 
. Nartecerebellar ataxia and retinal degen- 
| aration underwent neurologic and ophthal- 
“moicgic examinations and computer- 
assessed corneal _electroretinogra- 
-phy.Previous:reports described progres- 
ve. panretical degeneration initially 
owing the: cones and subsequently 
a to the rods. By contrast, all our 
piayed evidence of selective 
i # the cone system in one or 
sive electroretinograms, irre- 
of their age or duration of visual 
ymatoms. Calor vision testing, fundusco- 
py: and fluorescein angiography sug- 
“gested a cone dystrophy. Within the pe- 
riod of observation only one patient 
showed progression of cone dysfunction. 
in patients with hereditary ataxias, quanti- 
‘tative electroretinography provides an ob- 
jective and semetimes early indication of 
tretirali degeneration and heips to charac- 
terze ii. 
(fret Ophthalmol. 1990; 108:55 1-556) 









e 984 classification scheme of he- 
itary ataxias by Harding’ in- 
ices a clinically and genetically dis- 
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atosomal Dominant Cerebellar Ataxia 


tinct subgroup of cases of autosomal 
dominant cerebellar ataxia (type II) of 
unknown origin and variable age of 
onset with pigmentary retinal degen- 
eration. In the earlier classification of 
Konigsmark and Weiner,’ these cases 
were grouped in the category of olivo- 
pontocerebellar atrophy type III that 
clinically consisted of cerebellar 
ataxia and pigmentary retinal degen- 
eration, with or without ophthal- 
moplegia and/or extrapyramidal fea- 
tures, 

Corneal full-field electroretinogra- 
phy (ERG) performed with appropri- 
ate techniques provides objective and 
quantitative evidence of defects of the 
rod and cone systems. Within the 
group of hereditary ataxias of un- 
known origin, this method might help 
to identify the genetic subgroup suf- 
fering from retinal degeneration. Only 
a few ERG studies are available in the 
literature describing pedigrees with 
this type of hereditary ataxia. Our 
study fills this gap by providing perti- 
nent, quantitative electrophysiologic 
information i in four cases of autosomal 
dominant cerebellar ataxia with reti- 
nal degeneration. 


PATIENTS AND METHODS 
Clinical Studies 


All four patients were evaluated at the 
University of Washington Medical Center, 
Seattle, and presented with symptoms of 


progressive ataxia of gait and deterioration _ 
of vision (Table 1). Patient 1 was first 
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he described decreased vision, TE eee n 
of gait, and swallowing problems that had 
gradually worsened over 4 years. His m 
ternal grandmother also had late-onse 
ataxia of gait. Patients 3 and 4 were 70 and 
71 years old, respectively, when we first 
studied them. They were sisters who be- 
longed to the family described by Nino et 
al’ as having autosoma! dominant heredi 
tary ataxia. They had developed gradu: 
deteriorating vision, slurred speet 
swallowing difficulties, with onse 
60s. The sisters’ mother (H-2 in 
et al pedigree) had manifested at: 
age 55 years and kad eomplained of 
vision. ores 
All four patients underwent neurol 
and ophthalmologic examinations. The la 
ter included external examination, dete 
mination of best corrected visual acuity, 
slit-lamp examination, dilated fundus exs 
amination by direct and indirect ophthal 
moscopy, and color visien testing with I 
ihara color plates. Patients 3 and 4 had for 
mal visual field testing with either 
Goldmann or Humphrey perimetry, and > 
fluorescein angiography was performed i in 
patients 2 through 4. | ange 
ERG Studies a 
Corneal full-field ERGs were performed 
once in patient 1 and twice in the remaining _ 
patients, in whom they were repeated after 
6 (patient 2) and 3 ‘patients 3 and 4) years 
In two patients (patients 1 and. 2) ecord, a 
ings were obtained from both eyes, iS 
only the left eye was examined in 
remaining patients. ee as 
Corneal full-field ERGs* were performed : 
paired to a ace stand: 7 di: 



































examined at the age of 59 years, demon- ar pee id. 
strating unstable gait, dysphagia, and dys- — Hz), seotopi 
arthria, with onset at age 52 years. Patient nm) and di 


2 was the 40-year-old son of patient 1 with. By 4 ani i 
non-insulin-dependent diabetes mëltitis; HE 





Age at Muscle 
Patient Onset of Stretch Babinski Involuntary 
Ataxia, y Ataxia Dementia Dysarthria Reflexes Sign Movements 





Fig 1.—Sagittal T,-weighted (echo time, 30 
milliseconds; repetition time, 600 milliseconds) 
magnetic resonance image of patient 2 dem- 
onstrating marked cerebellar atrophy and cor- 
responding enlargement of the fourth ventricle. 





Table 2.—Ophthalmologic Findings and Color Vision Testing* 































Patient Initial Final 
No./Age, Visual Visual Initial Final Fluorescein 
y/Sex Acuity Acuity Color Vision Color Vision Ocular Motility Visual Fields Fundi Angiography 
1/66/F a4 a 20/40 Red-green a ND “Rice grain” macular ND 
deficiency depigmentation 



















2/40/M 





20/60 20/100 Red-green Absent Normal Subtle central Mild nonproliferative Central transmitted 
20/50 20/100 deficiency scotoma, 1983 diabetic retinopathy, choroidal 
(1983) (1987) and 1987 subtle central foveal fluorescence 
area of hypopigmen- 

tation approximately 

200um in diameter 

















3/70/F 20/60 20/200 Normal Moderate Slightly ND Idiopathic epiretinal Central transmitted 
20/70 20/200 nonspecific slow saccades membrane in the choroidal 
(1986) (1989) abnormality right eye only, subtle fluorescence 







irregular central 
hypopigmentation in 



















both eyes 
4/71/F 20/50 20/200 Mild Moderate Slight Mild Subtle central pigment Central blocked 
20/40 20/200 nonspecific nonspecific dysmetria, generalized dot (150 um) choroidal 
(1986) (1989) abnormality abnormality slightly depression, surrounded by fluorescence with 
slow especially depigmented halo surrounding punctate 
saccades centrally hyperfluorescence 







(Humphrey 
perimetry) 







*ND indicates not done. 


Fig 2.—Bulls-eye macular lesion of the right eye of patient 4 with cen- Fig 3.—Fluorescein angiogram of the right eye of patient 4 showing 
tral macular hyperpigmentation and an annulus of retinal pigment central blockage of choroidal fluorescence with surrounding punctate 
epithelium thinning. hyperfluorescence. 
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the absence of background light; and “sin- 
gle” (0.5 Hz) white and phototopically bal- 
anced yellow-red (A >500 nm) and blue- 
green (A < 550 nm) flashes in the presence 
of steady, 10 foot-lamberts white back- 
ground light. Im each test condition, three 
singie-trace responses were recorded by 
“bipolar” contact lens electrodes,’ ampli- 
fied (Grass Medical Instruments Co P511J, 
Quincy, Mass), digitized (Nicolet Biomedi- 
cal Instruments 1174, Madison, Wis), and 
written out in analog form by an X-Y plot- 
ter (Hewlett-Packard Co 7044, San Diego, 
Calif). Recording system bandpass was 0.5 
te 5@0 Hz (—3 dB). 

Implicit times and amplitudes of a and b 
Waves were measured by means of the 
averagers cursor and entered into a desk- 
top microcomputer (Northstar Horizon, 
Northstar Computer Inc, Berkeley, Calif). 
This was programmed to assess the ERG 
values measured in our patients relative to 
normal limits determined under identical 
technica! circumstances in 102 normal vol- 
unteers of both sexes aged 8 to 59 years. 
Regression analysis on age performed on 
normalized values in this reference study 
made it possible to develop equations that 
computed for each individual subject and 
test condition appropriate limits of implicit 
tame and amplitude of each ERG peak. 
Specifically, this method determined the 
90% , 95%, and 99% tolerance limits (one- 
tailed) fer 95% of the normal population.*” 
This indicated that there were 90%, 95%, 
and 99% probabilities, respectively, that 
95% of the normal population would fall 
within the stated limits. Electroretino- 
graphic values falling outside these limits 
were regarded as reflecting increasing de- 
grees of retina! dysfunction, an assumption 
validated by 10 years of clinical experience. 
Interpretive criteria of the ERG were those 
established by Gouras‘ and Berson." 


RESULTS 
Clinical Findings 


The findings on neurologic examina- 
tion are summarized in Table 1. All 
patients had normal mental status 
with dysarthric speech. Cranial nerve 
functions were preserved except for a 
hypoactive gag reflex in patient 2. All 
patients had full motor strength with- 
out resting tremor, rigidity, or other 
abnormal mevements. All sensory mo- 
dalities were normal except for mild 
loss of vibratory sensation distally in 
the lower extremities in patients 2 
through 4. Ineall cases, the patients had 
marked ataxia on finger-to-nose and 
heel-to-shin testing, with wide-based 
and unsteady gaits. Muscle stretch re- 
flexes were symmetrical and varied 
from normal to brisk, while plantar 
responses were extensor in patient 1 
and flexor in the remaining individu- 
als. Patients 1 and 2 underwent com- 
puted tomography and magnetic reso- 
nance imaging, respectively, which re- 
vealed cerebellar atrophy (Fig 1). Two 
members of the family of patients 3 
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Fig 4.—Corneal full-field single-trace electroretinograms from the left eyes of a 26-year-old nor- 
mal female volunteer (N), patient 2 at the ages of 34 (Ila) and 40 (IIb) years, patient 3 (Ill) aged 
70 years, and patient 4 (IV) aged 71 years. Tests 1 to 3 measured responses to single, dim, sco- 
topically matched blue (A < 470 nm) flashes, to red (A < 600 nm) flashes, and to white (16 foot- 


lamberts) flashes, following dark adaptation. 


and 4 were autopsied. They showed 
olivopontocerebellar degeneration as 
well as some cerebral cortical atrophy, 
but the eyes were not included in the 
autopsy.’ 

The ophthalmologic examinations 
are summarized in Table 2. Visual 
acuities ranged from 20/40 to 20/200. 
All patients had full extraocular move- 
ments without nystagmus. Fundus ex- 


amination demcnstrated mild to se- 
vere bulls-eye macular lesions with 
central macular hyperpigmentation 
and an annulus ef retinal pigment ep- 
ithelium thinninz (Fig 2), which trans- 
mitted choroidal fluorescence in the 
early phases of the angiograms of pa- 
tients 2 through 4 (Fig 3). In patients 
1, 2, and 4, Ishihara color plate testing 
revealed either red-green or nonspe- 
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Fig 5.— Continuation of Fig 4. Test 4 measured responses to 30-Hz white flicker (16 foot- lamberts) 
in the absence of background light, and tests 5 to 7 measured electroretinographic responses to 
single white (16 foot-lamberts) and to photopically matched yellow-red (A > 550 nm) and 
blue-green (À < 550 nm) flashes, respectively, in the presence of white background light (10 foot- 


lamberts). In test 4, arrows indicate measurement of implicit time. 


Table E enora (ERG) Findings in the Left Eye of Four Patients With 


‘alee he 









































b Wave amplitude 


* Implicit times are in milliseconds and amplitudes in microvolts. In each column, the first number is the av- 
erage of the values measured on three single-trace ERGs. The second number (in parentheses) is the 90% tol- 


ta i - Hereditary Ataxia* 








309.3 (31.3) 








Test Conditions and Results, 


ERG Dark-Adapted 
Patient No./ Wave and 
Age, y/Sex Measure Blue Flash Red Flash White Flash 


324.4 (67.0) 





















a Wave implicit time 24.6 (25.9) 
1/71/F a Wave amplitude sited ie i 250.4 (106.1) 
b Wave implicit time 127.0 (145.6) 113.5 (143.5) 52.0 (54.8) 
b Wave amplitude 118.4 (31.3) 203.7 (67.0) 465.8 (288.7) 
a Wave implicit time 24.0 (25.9) 
2/34/M a Wave amplitude es a 262.5 (145.6) 
b Wave implicit time 117.5 (141.7) 122.5 (144.0) 52.0 (52.9) 
b Wave amplitude 176.0 (103.0) 190.6 (114.1) 556.3 (399.1) 
a Wave implicit time 24.8 (25.9) 
2/40/M a Wave amplitude a vend 210.7 (140.5) 
b Wave implicit time 125.0 (142.1) 122.5 (143.7) 47.2 (53.2) 
b Wave amplitude 188.8 (92.5) 262.6 (107.7) 498.5 (383.5) 
a Wave implicit time 22.8 (25.9) 
3/70/F a Wave amplitude eo S 320.3 (107.3) 
b Wave implicit time 114.8 (145.5) 114.0 (143.5) 42.0 (54.8) 
b Wave amplitude 241.6 (33.3) 254.7 (68.4) 410.4 (291.9) 
a Wave implicit time 23.4 (25.9) 
4/71/F a Wave amplitude T si 334.4 (106.1) 
b Wave implicit time 115.8 (145.6) 110.8 (143.5) 43.8 (54.8) 


531.7 (288.7) 


erance limit for 95% of the normal population (one-tailed) derived from regression analysis on age. 
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cific color deficiencies, whereas patient 
3 had normal responses. Patients 2 and 
4 demonstrated visual field defects 
consistent with central scotomas. 


ERG Findings 


All patients had abnormal ERGs. 
Waveforms characteristic of this 
group are displayed in Figs 4 and 5, 
where they are compared with those 
elicited in a healthy emmetropic vol- 
unteer. Tables 3 and 4 quantify the re- 
sults of stimulation of the left eye in all 
subjects. When ERG testing was per- 
formed more than once, the measures 
included in these tables are those ob- 
tained in the first recording session, 
except for patient 2 for whom the data 
of two successive examinations are re- 
ported. 

The rod b waves elicited by blue and 
red flashes in the dark-adapted state 
had normal implicit times (Fig 4, tests 
1 and 2, and Table 3). The responses to 
red flashes displayed associated cone 
oscillations in all patients. Under the 
same dark-adapted conditions, rod b 
waves had norma! amplitudes for pa- 
tients 1 and 2 and supernormal ampli- 
tudes for patients 3 and 4. Supernor- 
mal values exceeded the 90% tolerance 
limit for 95% of the normal population 
(one-tailed) for blue flash in patient 3 
and the 99% and 95% tolerance limits 
for blue and red flashes, respectively, 
in patient 4. The a and b waves of the 
dual ERG to white flash in the scotopic 
condition were normal in implicit time 
and amplitude (Fig 4, test 3, and Ta- 
ble 3). 

The responses of the cone ERGs to 
flicker in the absence of background 
light and to single white, yellow-red, 
and blue-green flashes in the presence 
of an adapting light displayed varying 
degrees of abnormality of their im- 
plicit times, amplitudes, or both (Fig 5, 
tests 4 to 7, and Table 4). Of all mea- 
sures of cone function, the flicker re- 
sponse deviated most consistently 
from normal. Both the implicit times 
and the amplitudes of the b waves 
elicited by this stimulus were altered 
in all subjects except patient 1 in whom 
these potentials had prolonged im- 
plicit times but normal amplitudes 
(Fig 5, test 4, and Table 4). The b wave 
to white flash, light adapted, was 
barely discernible in patient 2, second 
record, whereas in patients 3 and 4 it 
consisted of three small oscillations, 
the second of whieh was chosen for 
implicit time measurement (Fig 5, test 
5). 

When the right and left eye were ex- 
amined in the course of the same ses- 
sion (patients 1 and 2), virtually iden- 
tical abnormalities were detected in 
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ca a ERG No Background Light-Adapted 

{Patient No./ Wave and Light, White Yellow-Red  Blue-Green 

| Age, y/ Sex Measure Flicker White Flash Flash Flash 
Wave implicit time a 16.8 (17.9) 19,3 (20.7) _21.8t (20.8) 
1°71/F  a Wave amplitude SCS. 18.3 (18.1) 145 (62) 167 (139) 
t Wave implicit time  36.3ł (32.2) 32.9 (34.0) 289 (306) 30.6t (287) 
t Wave amplitude 69.1 (64.4) 49.6 (39.7) 26.8 (20.9) 24.1+¢ (28.1) 
Da a Wave implicit time 18.0¢ (17.9) 20.5§ (20.4) 20.0 (20.4) 
2/34/M__ a Wave amplitude Ge 34.4 (23.2) 188 (7.9) 188 (13.9) 
6 Wave implicit time 32.9t (32.0) 31.0 (32.0) 29.0 (292) 280 (287) 
& Wave amplitude 53.1ł (64.5) 62.5 (618) 250 (209) 2601 (281) 
SS re ee = Wave implicit time 17.6 (17.9) 22.4¢ (20.5) 22.2 (20.8) 
B/40/M ae amplitude m: 15.4t (22.6) 11.2 (7.8) 9.7t (13.9) 
t Wave implicit time  39.3t (32.1) 33.0t (32.3) 28.8 (294) 290% (287) 
_ 5 Wave amplitude 47.4} (64.5) 24.0t (58.9) _11.8t (20.9) _15.9t (28.1) 
| Wave implicit time 16.6 (17.9) 18.2 (20.6) 19.0 (20.8) 
| S/7O/F a Wave amplitude a 34.7 (18.2) 10.8 (6.3) 17.8 (13.8) 
z » Wave implicit time 38.6} (32.7) 28.6 (340) 259 (306) 262 (287) 
b Wave amplitude 51.9¢ (64.4) 19.91 (40.4) 24.6 (20.9) 25.6} (28.1) 
a Wave implicit time 16.2 (17.9) 19.3 (20.7) 18.5 (20.8) 
AITUE a Wave amplitude JA 23.8 (18.1) 18.1 (6.2) 129ł(13.9) 
a Wave implicit time 34.7ł (32.8) 299 (34.0) 254 (306) 258 (287) 
‘3 Wave amplitude 33.0t (64.4) 34.14 (39.7) 28.0 (20.9) 24.9} (28.1) 





Test Conditions and Results 
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“implicit times are in milliseconds and amplitudes in microvolts. In each column, the first number is the av- 


erage of the values measured on three single-trace ERGs. The second number (in parentheses) in the 90% tol- 
eranse lima for 9E% of the normal population (one-tailed) derived from regression analysis on age. Individual 
measures outside the 90%, 95%, and 99% tolerance limits are designated by §, ¢, and t, respectively, for de- 


layed smplicit times or low amplitudes. 


it 2, two successive tests 

the same eye at the ages 
d. 40 years demonstrated pro- 
al of the ERG alterations. How- 
hese remained confined to the 





l cone components of the response (Figs 


4 and 5, tests 1 to 7, and Tables 3 and 
4). By contrast, no electrophysiologic 
evidence of deterioration was obtained 
in two successive examinations of pa- 
tient 4 at the ages of 71 and 75 years. 
Dilated fundas examinations during 
the same interval revealed minimal 
changes i in patient 4, although visual 


acuity had deteriorated. It is of addi- 
-tonal interest that the abnormalities 
: demonstrated by patients 1 and 2, who 
were mother and son, respectively, 
were qualitatively similar i in that they 


involved to some degreee the cone 


components of the ERG while sparing 


the rod components (Figs 4 and 5, tests 
1 to 7). 


COMMENT 





The hereditary ataxias have been 
dificult to classify because of the tre- 
mendous variation in clinical and 

pathological features within members 


ar the same tamily, even among those 
A presumed to share an autosomal dom- 


inant mode of transmission. Hard- 
i 


ys 1984 classification employs a 
aa clinical and geneng ap- 
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proach, and distinguishes four types of 
autosomal dominant cerebellar ataxia. 
The author suggests that type II auto- 
somal dominant cerebellar ataxia with 
retinal degeneration is genetically and 
clinically distinct from those types 
with other features. These patients 
show a high degree of concordance 
within families, with highly variable 
age at onset of symptoms, typically 
from their second through fourth de- 
cades of life. In nearly all of the fam- 
ilies reviewed by Harding, every af- 
fected member had retinal degenera- 
tion. 

Our four cases clinically and genet- 
ically best fit type HI autosomal domi- 
nant cerebellar ataxia with retinal de- 
generation. Autosomal dominant in- 
heritance was observed in patients 3 
and 4 from a multigeneration family 
with male-to-male transmission. 
There is no other known retinal degen- 
eration in that kindred, but they were 
never formally studied ophthalmolog- 
ically, and no ERGs are available on 
any of the other 24 affected family 
members. Patients 1 and 2 are proba- 
bly also autosomal dominant, with 
three affected generations. 

Hereditary ataxia has been associ- 
ated by earlier authors with retinal 
degeneration, which may vary from 
solely macular!" to both macular and 





peripheral.'*"* The few available ERG 
studies of patients with hereditary 

ataxia and macular degeneration were _ 
conducted under techrical conditions : 
and were interpreted according toc 
teria that differed substantially fr 
those prevailing today. As early as 
1956, Björk et al” studied four patients ~ 
with this condition. Flicker responses 
were abnormal in all cases, whereas 
single-flash ERGs in semidarkness 
were probably normal in one subject, 

probably abnormal in one, and defi- 
nitely subnormal in the remaining two 
individuals. The ERG alterations in- 
creased in severity in successive exam- 
inations with the abnormalities of 
flicker responses oecurring earlier and 
exceeding in magnitude those of sin- 
gle-flash ERGs. Because the former 
alterations were believed to indicate 
cone dysfunction whereas the latter 
were viewed as rejecting rod impair- 





ment, the authors hypothesized that 
the retinal degeneration characteriz- 


ing these individuals involved both — 
photoreceptor systems with onset in 
the cones and subsequent spread to the 
rods. Two additional cases were inves- 
tigated by Jampel et al“ with stimuli of 
different wavelengths. Their results 
were interpreted as “probably indica- 
tive of a macula disturbance” in one 
case and as “characteristic of general 
retinal dysfunction and of macula de- 
generation” in the other. | | 
Photopic ERGs revealed abnormally 





prolonged implicit times and dimin- — 
ished amplitudes in six patients with 
hereditary ataxia studied by Stanescu- ` 
The photopic 
ERGs of the same individuals, one of 


Segal and Michiels.” 


whom had spinocerebellar degenera- 
tion, displayed delayed implicit 
in all cases and decreased volta 
one. These findings were interpreted as 
suggesting dysfunction of the rods and 


cones with predceminant and preco- E 
cious involvement of cone function. - 


The tentative nature of these interpre- - 
tations was emphasized, and the sug- 
gestion was made 
ERG studies utilizing a ganzfeld Sys- 
tem would permit more definite con- 
clusions. Although obtained i in a lim- 
ited number of cases, our quantitative’ 
corneal full-field ERGs** partially fill 
this gap by providing information that 
distinguishes between the contribu- 
tions of the cone and rod systems to the 
ERG in a manner that was impossible 
in earlier studies of this condition. 

In all our patients the ERG demon- 
strated selective dysfunction of the 
cone system witk preservation of the 
rod system. The diagnosis of cone dys- 
trophy was established by this finding 





- along with evidence of decreased vi- 
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hat only further 





























-sence of night blindness, and the re- 
-sults of funduseopy and fluorescein 
- angiography. We found no evidence of 
_ a widespread retinal degeneration in- 
- volving both photoreceptor systems, 

_ although previous authors had postu- 
__ lated involvement of rods and cones to 
-different degrees at different patient 
„ages, ™4192 Moreover, at variance with 
sarlier reports, the severity of the ret- 
nal dysfunction revealed by the ERG 
-within the period of observation of our 
patients showed evidence of progres- 
‘sion only in patient 2. The flicker ERG 
-was the most robust of our seven stan- 
dard ERG tests in detecting alter- 
ations of cone function in our patients. 

~ Supernormal rod b wave amplitudes 
_ with normal implicit times as we found 
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“gual avnity; defective sige vision, Pa 





in two of our patients were also re- 


ported by Alexander and Fishman.” 


They described two patients with cone 
dystrophy without nyctalopia, sug- 
gesting that a supernormal scotopic 
ERG can occur without clinical evi- 
dence of impaired rod function. Super- 
normal rod ERGs were also deseribed 
in other cases of cone dystrophy.“ 
However, these differed from our pa- 
tients because of the complaint of nyc- 
talopia, delayed implicit times of rod b 
waves, and autosomal! recessive inher- 
itance. 

Our work provides strong evidence 
that the retinal degeneration dis- 
played by a subgroup of patients with 
autosomal dominant cerebellar ataxia 
is a selective cone dystrophy rather 
than a widespread retinal process. Be- 
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cause a hè close association of cone 
dystrophy and cerebellar ataxia, it is 
conceivable that common or related 
biochemical aberrations may underlie — 
the alteration of both cone and cere- 
bellar functions in this degenerative 
disease. Whether other subgroups of 
individuals with hereditary ataxia dis- 
play similar or different retinal abnor- 
malities remains to be determined. 
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è We describe a new technique for the 
measurement of retinal nerve fiber layer 
thickness anc compare its results with 
histopathologic measurements in the 
same eves. For these studies, two fixed 
_ Monkey eyes were incised and placed on 
<a pedestal in a plastic viewing dish. The 
ere perused to maintain a pressure 
a 10 and #0 mm Hg. An ellipsome- 


: pei jat f ization of light (retarda- 
i as implemented in a laser tomo- 

hic scanmer to obtain polarization 
: data Trom the two monkey retinas. For 
the 15 measured locations, retardation 
ranged between a mean (+ SD) of 
D.F + 1.87" ənd 23.7° + 0.3% Subse- 
quently. retinal nerve fiber layer thickness 
was measurec at the imaged points in ep- 
oxy resin~embedded sections by an ob- 
server masked to the ellipsometry data. 
These values ranged between 20.4 um and 
21 sa P There was an excellent correla- 

R= .BS) between retardation and 
; Sgaibalogic measurement of reti- 
e fiber layer thickness. Quantitat- 
‘etinal nese fiber layer thickness may 
“enhance discrimination between glauco- 
“matous and sormal eyes earlier than is 
: currently avaliable by anatomic and func- 
tional approaches. 

(Arch Ophtéaimol. 1990;108:557-560) 
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Histopathologic Validation of Fourier-Ellipsometry 
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Clinical signs describing the optic 
nerve head (cup-disc ratio, optic 
nerve head pallor, and neuroretinal 
rim area) do not allow one to separate 
glaucomatous eyes from normal eyes 
with sufficient sensitivity and specific- 
ity. There is considerable variability 
and overlap of these values in normal 
and glaucomatous populations. Fur- 
thermore, it appears that glaucoma- 
tous eyes can lose retinal nerve fiber 
axons before ophthalmoscopically vis- 
ible changes in the optic nerve head 
and visual field defects can be de- 
tected.’ Hence, there is a compelling 
interest to delineate the earliest objec- 
tive changes in peripapillary retinal 
nerve fibers. Achieving this goal might 
facilitate the diagnosis of glaucoma 
and improve the monitoring of pro- 
gressive glaucomatous damage. 
Previously, several methods for clin- 
ically evaluating the retinal nerve fi- 
ber layer in glaucoma have been re- 
ported. Hoyt and colleagues? employed 
red-free ophthalmoscopy and de- 
scribed the significance of narrow, slit- 
like defects and large wedge-shaped 
defects of the retinal nerve fiber layer 
in glaucoma. Nerve fiber layer photog- 
raphy with black-and-white film also 
has been used for characterizing the 
retinal nerve fiber layer in glaucoma.’ 
Computer enhancement of nerve fiber 
layer photographs** and digitized im- 
ages to measure the relative height of 
the peripapillary nerve fiber layer sur- 


face have been reported as well.’ 


In the current study, we describe a 
new technique that holds promise for 
the actual measurement of retinal 
nerve fiber layer thickness. This new 
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Measurements of Retinal Nerve Fiber Layer Thickness 


method is based on the ancasiatiod 
that the nerve fiber layer has birefrin 
gent properties similar to those fou 
for the Henle fibers in the macular 
region.*? To evaluate this, we com- 
pared our results using this method 
with histopathologic measurements of 
nerve fiber layer thickness in the same ee 
eyes. 


MATERIALS AND METHODS. 


Two normal eynemolgus monkeys ae 
(Macaca fascicular's) were perfused with - 
saline containing 1 g/dL of procaine hydro-. 
chloride and Karno?sky’s solution (5% glu- se 
taraldehyde and 4% paraformaldehyde). e 
One eye from each monkey was enucleated 
and stored in Karnafsky’s solution until it~ 
was prepared for retinal nerve fiber layer 3 
imaging. 


Preparation of Glotes for maging 


The globes were remeved from the Kar- ia 
nofsky’s solution ard eight radial incisions _ 
were made to create wedges of tissue that © 
extended from the center of the cornea tocos 
the equator. After these wedges were gen- 
tly everted, the lens was removed; the — 
hemisphere thus fermed was then gently 
placed on a pedestal is a plastic viewing 
dish (Fig 1). A clampiag ring was placed = 
over the hemisphere and tightened. Phos- 
phate-buffered saline was perfused into the 
interior of the viewing dish from a reservoir _ 
placed at a height to maintain a pressure 
between 10 and 20 mm Eg. The optics of this > 
plastie dish consisted of a single plano- ie 
convex lens with a focal length of 20 mmin => 
air and a diameter of 19 mm. The position 
of the lens could be adjusted to focus a = 
scanning laser beam on. the retina. 





image. Acquisition 


A laser tomographic : scanner was used to Be 
obtain real-time images fromthe two mon- 
key retinas. This instrument i is s discussed i in 






detail elsewhere.'”'' Briefly, an argon laser 
beam (wavelength, 514 nm) was scanned in 
x and y directions. The scanning laser beam 
was focused on the retina by the lens of the 
above-mentioned plastic dish. The light re- 
flected from the retina at each point of the 
scan was detected, digitized, and displayed 
as a video image. In general, the state of 
polarization of the illuminating laser beam 
changed when it double-passed the retinal 
nerve fiber layer, which was assumed to be 
form birefringent.*® This change in the 





state of polarization can be quantitated by 
the phase shift between the extraordinary 
and ordinary beam occurring in a birefrin- 
gent medium.” This phase shift is referred 
to as retardation. The amount of retarda- 
tion is linearly related to the thickness and 
optical properties of the medium.” 

To obtain the retardation value, the 
method of Fourier-ellipsometry was 
used.'*'* For this purpose, an ellipsometer 
similar to the one described previously*’ 
was implemented in the laser tomographic 


Fig 1.—The posterior portion of the globe was placed on a pedestal in a plastic viewing chamber 
and clamped. Phosphate-buffered saline was perfused into the viewing chamber from a reservoir 
placed at a height to maintain a pressure between 10 and 20 mm Hg. The optics of this plastic 
chamber consisted of a single plano-convex lens with a focal length of 20 mm in the air and a di- 
ameter of 10 mm. The position of the lens could be adjusted to focus a scanning laser beam on 


the retina. 





scanner. Briefly, the ellipsometer consisted 
of polarizing and analyzing optics that were 
modulated by two synchronously rotating, 
quarter-wave retarders. In our experiment, 
the polarizing optics produced 54 different 
states of polarization of the illuminating 
laser beam. At each state of polarization 
the retina was scanned and the light re- 
flected/scattered from the retina was sam- 
pled through the analyzing optics. There- 
fore, we obtained 54 polarization images 
(256 by 128 pixels) for each measured point. 
The series of 54 images for each measured 
location was stored in a computer. A total 
of 15 locations around the optic nerve heads 
of the two eyes were evaluated. In addition 
to the 54 polarization images at each loca- 
tion, one 512 by 512 pixel image (10° by 10°) 
was acquired. 

All major blood vessels visible on the im- 
age, together with the location of the Fou- 
rier-ellipsometric measurements, were 
traced from the video monitor onto a trans- 
parency. By doing this for each location, a 
retinal map was sketched for each of the 
two eyes that included all the locations of 
the Fourier-ellipsometric measurements 
(Fig 2). From this map, the x and y positions 
of all locations were measured, using the 
distance between the center of the fovea 
and the center of the optic nerve head as a 
reference. 


Fourier-Ellipsometric Analysis 


For each measured location, the 54 po- 
larization images were recalled into the 
computer’s memory. A square of 10 by 10 
pixels near the center of these images was 
chosen as the actual measurement area. 
The intensity levels of the 100 pixels of this 
area were averaged for each of the 54 
images. The size of the averaged area cor- 
responds to a size of 96 by 96 um on the ret- 
ina. The 54 averaged intensity values of 
each of the 15 measurement locations were 
Fourier-analyzed,'’ and the local retarda- 
tion at each location was calculated.’ To 
assess reproducibility of the ellipsometry 
data, five independent measurements of re- 
tardation at each location were determined. 


Fig 2.—The location of each of the Fourier-ellipsometric measurements is superimposed on fundus photographs from two 
normal Macaca fascicularis monkeys. From this map, the x and y positions of all locations were measured, using the dis- 
tance between the center of the fovea and the center of the optic nerve head as references. 
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Histopathologic Measurements 


The measured points were located with 
the x-axis drawn fram the center of the op- 
tic nerve head to thecenter of the fovea and 
with the y-axisat a right angle to the x-axis 
through the center of the nerve head. The 
distance between the center of the optic 
nerve head and the center of the fovea was 
defied as 100 units. These units were con- 
verted into millimeters using an ocular- 
mounted reticule ealibrated against a scale- 





Fic 3.—Representative retinal section (area 8, 
Fic 2) with a thickness of the retinal nerve fiber 
layer of 79.0 um, indicated by the arrows. Sim- 
ilar sections were obtained for each area for 
the histepathologic estimate of retina! nerve fi- 
ber layer thickness as described in the ‘‘Mate- 
rails and Methods’ section (1% toluidine blue, 
original magnification X497). 
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mounted micrometer (100 divisions/4.9 
mm). The eye was transected through the 
center of the optic nerve head and the fovea. 
Each point measured was located along the 
x-axis and the y-axis, and the surrounding 
tissue was dissected with a razor blade. The 
distance from a specified edge to the mea- 
sured point was recorded. The tissue was 
postfixed in 1% osmium tetroxide and em- 
bedded in an epoxy resin for sectioning. 
One-micrometer-thick sections were cut 
and the tissue specimens were stained with 
1% toluidine blue. The retinal nerve fiber 
layer thickness was then measured by an 
observer who was masked to the imaging 
results. 

Using a camera lucida and a planimeter, 
lines were drawn freehand along the inter- 
nal edge of the internal limiting membrane 
and the anterior border of the retinal gan- 
glion cell layer (Fig 3). Thirty lines or more 
were drawn perpendicular to these two 
lines with the planimeter and a straight 
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Area x, mm y, mm 
1 — 1:05 0.09 
2 = 1.70 =0.11 
3 -— 1.22 2.13 
4 —0.23 2.02 
5 0.20 1.79 
6 lee 0.54 
7 0.11 = 1.29 
8 0.55 — 1.97 
9 1.25 —2.55 


11 —0.44 1.32 
12 —0.69 1.80 
13 —0.90 =O:a2 
14 —0.98 — 1.36 
15 =1.23 =—1.76 
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Fig 4.—Retinal nerve fiber layer thickness at the 15 locations plotted 
against the retardation measured at these locations. A least-squares 
straight line fit showed a slope of 5.7 um per degree of retardation with 


an offset of 26.7 um at O° retardation. 
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edge. The mean and SD of these 30 or more 
measurements were zalculated. In one spec- 
imen, 9 additional irdependent determina- 
tions of retinal nerve fiber layer thickness 
were obtained, each with 30 measurements. 
The coefficient of variation (SD/mean) of 
these 10 determinations was 8.6%. 
RESULTS 


Retinal nerve fber layer thickness 
and the retardaticn measurements for 
each of the 15 locazions are listed in the 
Table. Retinal nerve fiber layer thick- 
ness ranged between 20.4 um and 213.9 
um. Retardation values ranged be- 
tween 0.9° and 2@.7°. The average SD 
of the 15 measured areas was 1.4° 
(range, 0.3° to 2.4°). 

In Fig 4, the ret.nal nerve fiber layer 
thickness at the 15 loeations is plotted 
against the retarjations measured at 
these locations. Æ least-squares algo- 


EES 


Retardation,°* 





64.4 48+ 1.1 
49.4 2.0 + 1.8 
20.4 0.9 + 1.8 
76.3 75 T.T 
114.0 13.7 + 0.9 
68.6 3.0: + 1.3 
113.9 18.9'+°1.7 
79.0 8.7 + 2.3 
67.6 2.2 + 1.9 


194.4 23.7 + 0.3 
213.9 23.2 + 0.6 
70.1 17.9 + 2.4 
63.7 11.3 + 0.5 
59.6 12.5 + 1.6 
49.4 1.6 2.4.2 


y = 7.4256x 


R= BS 


5 10 15 20 25 


Retardation Angle, ° 


Fig 5.—Retinal nerve fiber layer thickness et the 15 locations plotted 
against the retardation measured at these locations. As it was assumed 
that there was no retardation from a retina nerve fiber layer of zero 


thickness, this line was best fitted under he condition that it pass 
through the origin of the coordinate system. This line showed a slope of 
7.4 um per degree of retardation. 
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rithm was used to find the best- 
fitting straight line for the set of 15 
points. However, the line had an offset 
of 26.7 um at 0° retardation. If we make 
the assumption that there would be no 
retardation when the retinal nerve 
fiber layer is zero thickness, another 
line represents the best fit, passing 
through the origin. This line has a 
scope of 7.4 um per degree of retarda- 
tion; hence, 1° of retardation corre- 
sponds to a retinal nerve fiber layer 
thickness of approximately 7.4 um (Fig 
5). 
To obtain a measure of linear corre- 
lation between the retinal nerve fiber 
layer thickness and the measured re- 
tardation, the Pearson’s Product-Mo- 
ment Correlation Coefficient (R) was 
calculated’* for both regression lines. 
The value of R was .83 for both the 
best-fitting line without restrictions 
and for the line that was forced 
through the origin. 


COMMENT 


Our data show a good correlation 
between the retardation as deter- 
mined by Fourier-ellipsometry and the 
histopathologic measurement of reti- 
nal nerve fiber layer thickness. The co- 
incidence of retardation angle with 
nerve fiber layer thickness and not 
whole retinal thickness is very impor- 
tant. It confirms the assumption that 
the polarization shifts are produced by 
the nerve fiber layer and not by the re- 
mainder of the retina. Since glaucoma 
damage leads to loss of only ganglion 
cells and their axons,' a method that 
measures total retinal thickness would 
be less sensitive and specific to glauco- 
matous atrophy.’ 

If we define resolution as the small- 
est statistically significant (P < .05) 
retardation difference detectable, we 
estimate the resolution of the present 
instrument to be 1.74° (1.96 X SEM of 
the retardation).'’ Using the calcu- 
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lated linear regression line (Fig 5), this 
value corresponds to a retinal nerve 
fiber layer thickness of about 13 um. 
Although these data are encouraging, 
a number of issues need to be ad- 
dressed before this technique can be 
implemented into clinical practice. 

First, there may be some discrep- 
ancy between the position of the area 
measured by histopathologic study 
and the corresponding area that was 
imaged. In the current study, a field of 
view of only 10° was employed. To ob- 
tain a retinal map that included the 
total measured area, several video im- 
ages were traced from the monitor. 
This manual technique may have in- 
troduced position inaccuracies. In ar- 
eas of the retina, such as near the op- 
tic disc, where nerve fiber layer thick- 
ness changes rapidly with linear 
distance, these inaccuracies may intro- 
duce variability in our calibration. It is 
reassuring that the correlation be- 
tween imaging and morphologic mea- 
surements is quite close, a result that 
suggests this variable does not limit 
our conclusion. This error can be re- 
duced by obtaining a video image with 
a large field of view in which the mea- 
sured points have been superimposed. 
This would allow precise identification 
of the points for histopathologic vali- 
dation. 

Second, the methods that we em- 
ployed in the current study used an 
optical system in which the cornea and 
lens of the eye were replaced by an ar- 
tificial achromatic lens. This elimi- 
nated problems with polarization in- 
terference, which would be present 
with a birefringent primate cornea." 
In clinical practice, it would be neces- 
sary to determine the polarization ef- 
fect of a cornea, and possibly a lens, 
before using our method. This can be 
done by imaging the iris and lens with 
the same techniques.'® 

Third, we employed fixed tissue for 
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these studies. Prior to clinical testing, 
it would be necessary to calibrate our 
method by comparing unfixed with 
fixed tissue. 

Fourth, the acquisition time for ob- 
taining the 54 images in our study was 
slow, requiring 20 seconds. By employ- 
ing a faster microprocessor in the 
computer system, the execution speed 
can be increased severalfold. This 
would allow a corresponding decrease 
in evaluation time. 

Fifth, the images acquired until now 
have been obtained using an argon la- 
ser with a wavelength of 514 nm. The 
green light may not fully penetrate 
retinal nerve fiber layers of a certain 
thickness. It is possible, particularly 
for thick regions of the peripapillary of 
the retinal nerve fiber layer, that use of 
a longer wavelength would provide 
deeper penetration and more accurate 
readings for these areas. 

Glaucomatous damage results in 
retinal ganglion cell axonal loss with 
thinning of the retinal nerve fiber 
layer. Such thinning can be subjec- 
tively recognized with red-free oph- 
thalmoscopy or photography by loss of 
nerve fiber layer striation. We have 
initiated the development of a method 
for objectively quantitating the thick- 
ness of the retinal nerve fiber layer. 
Quantitating retinal nerve fiber layer 
thickness may enhance the discrimi- 
nation between glaucomatous and nor- 
mal eyes earlier than currently avail- 
able anatomic and functional ap- 
proaches. 
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Granulomatous Acne Rosacea of the Eyelids 


James R. Patrinely, MD; Ramon L. Font, MD; Richard L. Anderson, MD 


@ We describe the clinicopathologic 
features of the papular form of granulom- 
atous acne rcsacea of the eyelids. This 
unusual Cutaneous disorder is typified by 
painiess eruptions.of reddish to yellowish 
brewn, occasionally ulcerative papules 
symmetrically distributed around the eye- 
lids, lower part of the forehead, nasolabial 
folds, and upper lip. Histopathologically, 
the lesions display caseating and non- 
caseating dermal granulomas that mimic 
these seen in tuberculosis, tuberculoid 
leprosy, sarceidosis, and other diseases. 
The disorder responds well to systemic 
tetracycline therapy but may involute 
spontaneously during a period of months 
to years. The distinction of this disorder 
from other dermal granulomatous dis- 
eases, such as tuberculosis, leprosy, 
Syphilis, and ‘oreign bodies, is important 
because of the different therapeutic impli- 
cations. 

(Arch Ophtkalmel. 1990; 108:56 1-563) 


papular form of granulomatous 

acne rosacea (PGAR) may present 
as a brownish, dome-shaped, cutane- 
ouseruptiomaffecting the center of the 
face and eyelids. Originally, this entity 
was considered to be a variant of lupus 
vulgaris (cutaneous tuberculosis) or a 
tuberculid, but there has been no evi- 
dence supporting a link to tuberculo- 
sis. The clinical and histopathologic 
distinetion ef PGAR from other der- 
mal granulomatous diseases (ie, sar- 
coid, syphilis, and leprosy) is impor- 
tant because of the divergent therapies 
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indicated for these conditions. 

We describe herein the clinical and 
histopathologic features of a case of 
PGAR of the eyelids and discuss the 
differential diagnosis and treatment of 
this unusual disorder. 


REPORT OF A CASE 


In April 1985, a healthy 75-year-old white 
woman noted multiple, painless, red, ele- 
vated lesions distributed symmetrically on 
both lower eyelids. Shortly thereafter, she 
developed a few similar lesions on both up- 
per eyelids and on the upper lip. These pap- 
ular lesions remained stable in size but 
evolved through a slow phase of ulceration 
and slight involution. The lesions were 
nonpruritic and produced no drainage. The 
patient denied any other local or systemic 
symptoms. 

On examination the lesions were found to 
be 2 to 4 mm, raised, reddish brown, erythe- 
matous, slightly cystic papules that were 
distributed as described (Fig 1). Some of the 
lesions were solitary while others appeared 
grouped and were most heavily concen- 
trated on the lower eyelids. The surface of 
the lesions was smooth with occasional ar- 


eas of ulceration. There was no evidence of 
residual scar formation or pustules. The 
results of a complete ophthalmologic exam- 
ination were normal. 

The results of laboratory and roentgeno- 
graphic studies were within normal limits 
and included a skin test with purified pro- 
tein derivative, hematologic indexes, syph- 
ilis serologic studies, a systemic lupus 
erythematosus test, a urinalysis, a deter- 
mination of serum electrolyte levels, and 
chest roentgenography. Several lesions on 
the upper and lower eyelids underwent bi- 
opsies in July 1985. The biopsy results were 
interpreted as granulomatous acne rosacea, 
papular form. The patient was treated with 
250 mg of tetraeycline hydrochloride, four 
times a day. After 1 month of treatment, 
there was minimal response with a slight 
increase in eruption of new lesions and at- 
rophy of older lesions. After 6 months of 
tetracycline therapy the lesions had totally 
resolved without scarring, and the drug was 
discontinued. One and ene half years later 
the patient noted the recurrence of a few 
isolated lesions in the left medial canthal 
area (Fig 2). 

On histopathologic examination, by light 
microscopy the dermis was demonstrated 





Fig 1.—Clinical appearance of the symmetrical, periorbital, papular eruptioms more concentrated 
on the lower eyelid. The lesions are slightly cystic, occasionally ulcerated, and reddish brown. 
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to contain large epithelioid dermal nodules 
impinging on a thinned epidermis (Fig 3). 
These nodules were well circumscribed and 
contained palisading epithelioid cells and 
occasional multinucleated giant cells. A 
mild lymphocytic infiltrate was present pe- 
ripherally. Some tubercles demonstrated 
central necrosis, while most demonstrated 
no caseation (Fig 4). Scattered, small, epi- 
thelioid islands with a slight admixture of 
lymphoid cells were observed adjacent to 
the larger tubercles. The pilosebaceous 
units were uninvolved and there was no 
evidence of vasculitis or perivasculitis. Spe- 
cial stains for acid-fast bacilli and fungi 
were noncontributory. Examination under 
polarized light failed to disclose any bire- 
fringent foreign bodies. 


Fig 2.—One and one half years after treatment with tetracycline there is almost total resolution 
of the cutaneous lesions. There is a mild recurrence of a few isolated lesions in the left medial 
canthal area. 


Y- LAr Y 4,4 
y ; NS 
at r> > ; ‘ 
re. = oi 
>= 4 o J h z t 
~ , - ~~. 7 G 
R ’ = 
P.t , a > 3 ty + 
- ap = to b 
r le ; P 
? a Wey a 
A, - a ~ 
n ow + ga “> 
"> ¥ . , A 4 
` P, . 
= f p 
ae a 
aó 
. Ae - J - . 


COMMENT 


Granulomatous acne rosacea may 
occur in three forms: the erythematous 
telangiectatic type (multiple pustules 
and cystic nodules), the glandular hy- 
perplastic type (rhinophyma), and the 
papular type (multiple papules).' The 
nomenclature and histogenesis of the 
papular form have been controversial. 

Granulomatous acne rosacea was 
originally called actnitis or follicles al- 
though both terms are now obsolete.’ 
The tuberculoid appearance of the 
PGAR granulomas led to the mistaken 
association with tuberculosis, and was 
called ‘“Lewandowsky’s rosacea-like 








Fig 3.—Biopsy specimen of the left upper eyelid lesion displaying large epithelioid, caseating, in- 
flammatory, dermal nodules impinging on an atrophic epidermis (hematoxylin-eosin, original mag- 
nification X45). 
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tuberculid” some 70 years ago.’ Later, 
the term micropapular tuberculid was 
used to clinically describe the entity.’ 
The granulomatous “tuberculoid” fea- 
tures of PGAR also led to the misdiag- 
nosis of “lupus miliaris disseminatus 
faciei.” This condition is usually asso- 
ciated with large central caseating ep- 
ithelioid granulomas, although this is 
not a constant finding.* Some authors 
also believe that lupus miliaris dissem- 
inatus faciei may be a manifestation of 
PGAR” 

Granulomatus acne rosacea usually 
shows noncaseating dermal epithe- 
lioid granulomas, but caseation may be 
present in 10% to 20% of cases.' The 
disease typically affects adolescents 
and adults with papules symmetrically 
distributed across the center of the 
face and lower eyelids. The eruptions 
consist of small, discrete, yellowish 
brown papules. The consistency is 
rather firm but occasionally they may 
be soft; rarely they form pustules. The 
lesions have been described as “apple 
jelly” on diascopy.'* The eyelids, lower 
part of the forehead, nasolabial folds, 
cheeks, and perioral areas are frequent 
sites of involvement, but occasionally 
widespread dissemination occurs.'* In 
contrast to the more common glandu- 
lar type of acne rosacea, corneal and 
conjunctiva changes in PGAR are ab- 
sent or minimal. 

The tuberculoid granulomas have 
been suggested to represent a foreign- 
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Fig 4.— Some of the lesions displayed central 
necrosis with palisading of epithelioid cells. A 
scattered, mild, lymphocytic infiltrate was dis- 
persed around the periphery of the lesion (he- 
matoxylin-eosin, original magnification X 198). 
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‘ part c evidence. Foreign-body gran- 


-. ulomas from materials such as silica, 


beryllium, and zirconium may be dis- 
tinguished by polarizing light 
microscopy. Syphilis may also cause 
dermal granulomas, but usually there 
is a vasculitis with a prominent 
perivascular cuffing by plasma cells 
and the serologic studies are positive. 

The treatment of PGAR, like most 
forms of acne, is medical, with sys- 
temic tetracycline being the mainstay 
of therapy.” Topical retinoids may 
also be useful in refractory cases. The 
condition, however, usually runs a self- 
limited course during a period of 
months to years. As individual papules 
regress, leaving pitted, atrophic scars, 
new crops of lesions arise. Even af- 
ter remission, mild recurrences may 
occur. 


This research was supported in part by an un- 
restricted grant to the Baylor College of Medicine 
from Research to Prevent Blindness Inc, New 
York, NY, and grants from the Retina Research 
Foundation, Houston, Tex, and the Lions Eye 
Bank, Houston. 


CORRECTION 


Missing Acknowledgment.—In the article by Weinberg et al entitled “Exuda- 
tive Retinal Detachment Following Central and Hemicentral Retinal Vein Oc- 


clusions,” published in the February issue of the ARCHIVES (1990;108:271-275): 
an acknowledgment of financial support was omitted. The acknowledgmen: 
should have read as follows: “This work was supported in part by an unrestrictec 
grant from Research to Prevent Blindness Inc, New York, NY.” 
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Ophthalmic Solution Sterile 
(trimethoprim sulfate 0.1% & polymyxin B sulfate 10000 units/mL) 


Make the logical choice 


The only ophthalmic antibacterial with the broad- 
spectrum power of trimethoprim plus the activity of 
polymyxin B against Pseudomonas aeruginosa 
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Reliable 


Active in vitro against a broad spectrum 
of ocular pathogens. 


Streptococcus pneumoniae 
Streptococcus faecalis 
Streptococcus pyogenes 
Staphylococcus aureus 
Staphylococcus epidermidis 





trimetheprim Serratia marcescens 
Proteus mirabilis (indole-negative) 
Proteus vulgaris (indole-positive) 
Haemophilus aegyptius 
Haemophilus influenzae 
Enterobacter aerogenes 
polymyxin B Escherichia coli 
Klebsiella pneumoniae 
Pseudomonas aeruginosa 
Active in vitro against certain strains shown 
resistant to other ocular anti-infectives.' 


Proven: 98% clinically 
effective 


In a controlled clinical trial, 132 of 135 
(98%) adults and children with various types of 
acute bacterial surface ocular infections showed 
clinical cure or significant improvement after 
therapy with Polytrim Solution.‘ 


POLYTRIM® OPHTHALMIC SOLUTION Sterile 


(TRIMETHOPRIM'SULFATE 0.1% AND POLYMYXIN B SULFATE 10,000 UNITS/mL) 


BRIEF SUMMARY 

INDICATIONS AND USAGE: Polytrim Ophthalmic Solution is indicated in the treatment 
of surface ocular bacterial infections, including acute bacterial conjunctivitis, and 
biepharoconjunctivitis, caused by susceptible strains of the following microorganisms: 
Staphylecoccus aureus, Staphylococcus epidermidis, Streptococcus pneumoniae, Strep- 
fecaccus viridans, Haemophilus influenzae and Pseudomonas aeruginosa.* 

“Efficacy for this organism in this organ system was studied in fewer than 10 infections. 
CONTRAINDICATIONS: Polytrim Ophthalmic Solution is contraindicated in patients with 
known nypersensitivity to any of its components. 

WARNINGS: NOT FOR INJECTION INTO THE EYE. If a sensitivity reaction to Polytrim 
accurs, discontinue use. Polytrim Ophthalmic Solution is not indicated for the prophy- 
laxis or treatment of ophthalmia neonatorum. 


PRECAUTIONS: 

General: As with other antimicrobial preparations, prolonged use may result in over- 
growth of nonsusceptible organisms, including fungi. If superinfection occurs, appropriate 
therapy should be initiated. 

Information for Patients: Avoid contaminating the applicator tip with material from the 
eye, fingers, or other source. This precaution is necessary if the sterility of the drops 
is to be maintained. 

lf redness, irritation, swelling or pain persists or increases, discontinue use immediately 
and contact your physician. 

Carcinegenesis, Mutagenesis, Impairment of Fertility: 

Carcinegenesis: Long-term studies in animals to evaluate carcinogenic potential have 
not been conducted with polymyxin B sulfate or trimethoprim. 

Mutagenesis: Trimethoprim was demonstrated to be non-mutagenic in the Ames assay. 
In studies at two laboratories no chromosomal damage was detected in cultured Chi- 
nese hamster ovary cells at concentrations approximately 500 times human plasma levels 
after oral administration; at concentrations approximately 1000 times human plasma 
levels after oral administration in these same cells a low level of chromosomal damage 
was induced at one of the laboratories. Studies to evaluate mutagenic potenial have not 
been cenducted with polymyxin B sulfate. 

Impairment of Fertility: Polymyxin B sulfate has been reported to impair the motility 
of equine sperm, but its effects on male or female fertility are unknown. 

No adverse effects on fertilitv ar neneral renradictive narfnrmanra wara nhearuad 


Comfortable 


Well-tolerated— Low rate of 
hypersensitivity reactions 

In over 800 patients at 15 centers across 
the country, the incidence cf hypersensitivity 
reactions (lid edema, itching, redness, tearing. 
and/or rash) was less than 2 per 100 patients 

Polytrim Solution contains no thimerosal, 
no parabens, and no neomycin. 





‘Ashley KC. The antibacterial activity of tepical anti-infective eye 
preparations. Med Lab Sci 1986;43: 157-12. 


*/n vitro spectra are not always predictive of clinical results. 
Data on file, Allergan, Inc. 


Polytrim Solution is contraindicated in patients hypersensitive to 
any of its components. 


in rats given trimethoprim in oral dosages as high as 70 mg/kg/day for males ai 
14 mg/kg/day for females. 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studi 
have not been conducted with polymyxin B sulfate. Itis not known whether polymyx 
B sulfate can cause fetal harm when administered to a pregnant woman or can affe 
reproduction capacity. 

Trimethoprim has been shown to be teratogenic in the rat when given in oral doses « 
times the human dose. In some rabbit studies, tne overall increase in fetal loss (dei 
and resorbed and malformed conceptuses) was associated with oral doses 6 times tl 
human therapeutic dose. 

While there are no large well-controlled studies on the use of trimethoprim in pregna 
women, Brumfitt and Pursell, in a retrospective study, reported the outcome of 186 pre 
nancies during which the mother received either olacebo or oral trimethoprim in cor 
bination with sulfamethoxazole. The incidence of congenital abnormalities was 4.5! 
(3 of 66) in those who received placebo and 3.3% (4 of 120) in those receivir 
trimethoprim and sulfamethoxazole. There were nosabnormalities in the 10 children who: 
mothers received the drug during the first trimester. In a separate survey, Brumfitt ar 
Pursell also found no congenital abnormalities in 35 children whose methers had receive 
Oral trimethoprim and sulfamethoxazole at the time of conception or shortly thereafte 
Because trimethoprim may interfere with folic acid metabolism, trimethoprim shou 
be used during pregnancy only if the potential beneiit justifies the potential risk to the fetu 
Nonteratogenic Effects: The oral administration of tri methoprim to rats at a dose | 
70 mg/kg/day commencing with the last third of gestation and continuing through pa 
turition and lactation caused no deleterious effects an gestation or pup growth and survive 
Pediatric Use: Safety and effectiveness in children below the age of 2 months have ni 
been established (see WARNINGS). 

ADVERSE REACTIONS: The most frequent adverse reaction to Polytrim Ophthalmic Sı 
lution is local irritation consisting of transient buening or stinging, itching or increase 
redness on instillation. These reactions occur in less than 4 of 100 patients treated. Pol 
trim has a low incidence of hypersensitivity reactians (less than 2 of 100 patients treater 
consisting of lid edema, itching, increased redness, tearing and/or circumocular rast 
Although sensitivity reactions to trimethoprim are rare, an isolated incident of photoser 
sitivity was reported in a patient who received the drug orally. 
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= ON THE SUBJECT: 

ALKING THE TALK: HOW DOES THE 
RISTIAN PHYSICIAN LIVE HIS OR HER 
AITH IN TODAY’S WORLD?" i 


First prize will be $1,000 ($700 plus $300 expenses to present this) at the 
enth Annual Meeting of CHRISTIAN OPHTHALMOLOGY SOCIETY to be held at 
lido Beach Hilton Hotel, Orange Beach, AL - a suburb of PENSACOLA, 

\ - June 21-24, 1990. 

econd prize will be a $300 grant plus free registration to come to the meeting. 

can be of any length but should be typewritten, and must be submitted before 
1e an MAY 1, 1990. Please submit essays to: >s 


| DR. WILLIAM H. INETI il 
o ATLANTA, GA 30305 oe ee ee 
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“All medications for allergic ocular disorders’ a 
; á i There's only one that blocks the allergic process. The 
: A -One that works at the site of the symptoms, the eye— 


OPTICROM 4% Ophthalmic Solution. 

Site-specific, nonsedating OPTICROM significantly 
reduces redness, itching, tearing, and grittiness 
within days." 

OPTICROM is well tolerated therapy—used safely in 
more than 20 million eyes worldwide.’ And it’s safe 
for patients over 4 years of age. 


OPTICROM. Effective relief that’s site-specific. 
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*See adjacent Brief Summary for listing of certain allergic ocular disorders. 
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RAPID-ACTING OPHTHALMIC SOLUTION, 40 mg/mL 
® 


OPTICHROM 4% 
(cromolyn sodium/FISONS) 


INDICATIONS AND USAGE: OPTICRON is indicated in the treatment of certain allergic 
ocular disorders referred to by the terms vernal keratoconjunctivitis, vernal conjunctivitis, 

iant papillary conjunctivitis, vernal keratitis, and allergic keratoconjunctivitis. The etiologic 
arhe are unknown, but common airborne allergens and contact lenses have been impli- 
cated.’ 


Symptomatic response to therapy (decreased itching, tearing, redness, and discharge) is 
usually evident within a few days, but longer treatment for up to six weeks is sometimes 
required. Once symptomatic improvement has been established, therapy should be con- 
tinued for as long as needed to sustain improvement. 


If required, corticosteroids may be used concomitantly with OPTICROM. 


Users of soft (h CO contact lenses should refrain from wearing lenses while under 
treatment with OPTICROM (see Contraindications). Wear can be resumed within a few 
hours after discontinuation of the drug. 


CONTRAINDICATIONS: OPTICRONM is contraindicated in those patients who have shown 
hypersensitivity to cromolyn sodium or to any of the other ingredients. 


As with all ophthalmic preparations containing benzalkonium chloride, patients are advised 
not to wear soft contact lenses during treatment with OPTICROM. 


PRECAUTIONS: General: Patients may experience a transient stinging or burning sensa- 
tion following application of OPTICROM. 


The recommended frequency of administration should not be exceeded. The dose for adults 
and children is 1-2 drops in each eye 4-6 times a day at regular intervals. 


Carcinogenesis, Mutagenesis, and Impairment of Fertility: Long term studies in mice 
(12 months intraperitoneal treatment followed by six months observation), hamsters (12 
months intraperitoneal treatment followed by 12 months observation), and rats (18 months 
subcutaneous treatment) showed no neoplastic effect of cromolyn sodium. 


No evidence of chromosomal damage or cytotoxicity was obtained in various mutagenesis 
studies. 


No evidence of impaired fertility was shown in laboratory animal reproduction studies. 


Pregnancy: Pregnancy Category B. Reproduction studies with cromolyn sodium adminis- 
tered parenterally to pregnant mice, rats and rabbits in doses up to 338 times the human 
clinical doses produced no evidence of fetal malformations. Adverse fetal effects (increased 
resorption and decreased fetal weight) were noted only at the very high parenteral doses that 
produced maternal toxicity. There are, however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when OPTICROM is 
administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 4 years have not been 
established. 


ADVERSE REACTIONS: The most frequently reported adverse reaction attributed to the 
use of OPTICROM, on the basis of reoccurrence following readministration, is transient 
ocular stinging or burning upon instillation. 


The following adverse reactions have been reported as infrequent events. It is unclear 
whether they are attributable to the drug: conjunctival injection, watery eyes, itchy eyes, 
dryness around the eye, puffy eyes, eye irritation, styes. 


CAUTION: Federal law prohibits dispensing without prescription. 
OPTICROM?® is a registered trademark of FISONS plc. 


REFERENCE: 1. Allansmith MR, Abelson MB: Ocular Allergies. In: The Cornea, ed. 
G Smolin, RA Thoft. (Little, Brown and Co., Boston/Toronto, 1983); 231-43. 
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These handy, tear-off, drug- 
use information sheets are 
designed to supplement your 
verbal instructions to your 
patients. They are available 
for 81 drug titles from the 
U.S. Pharmacopeia (USP), 
the highly respected drug 
information organization. 


from USP today. 

Call toll-free to 

receive a FREE 
PMI information kit or to 
order and charge to your 
MasterCard or VISA. 


1-800-227-8772, 
Ext. 773 





Once again, Alcon delivers. 





Polymer 
(Carbopol) 


lon-exchange resin 
(Amberlite) 


Sodium ion 


Betaxolol ions 


Artist's interpretation of 
BETOPTIC’ S (betaxolol 
HCI) 0.25% Sterile Oph- 
thalmic Suspension 
patented technology. 
Sodium ions in the tear 
film displace betaxolol 
molecules from the deliv- 
ery matrix, slowly freeing 
them to be absorbed 
through the corneal tis- 
sue, improving comfort. 
BETOPTIC S remains in 
the eye longer, allowing 
equivalent bioavailability 
between the 0.25% sus- 
pension and 0.5% solution. 





Introducing patented new 
technology for greater comfort 
and increased bioavailability 
of betaxolol’ 


Your patients can feel the BETOPTIC S 
difference from the start. In clinical 


= 

studies, BETOPTIC S was significantly 

more comfortable than BETOPTIC” 

0.5% Sterile Ophthalmic Solution. 

Clinical trials also demonstrate the 

equivalent efficacy of BETOPTIC S 

and BETOPTIC solution. BETOPTIC S 

maintains IOP reduction long-term 

” from twice-daily dosing. 
BETOPTIC S offers the beta-1* safety 
f | : | *The new formulation of BETOPTIC S remains in the 

advantages of a selective ocular eye, allowing a longer absorption time for betaxolol, 
thus increasing drug bioavailability. This is wh 

beta blocker. That means the safe 0.25% BETOPTIC $ suspension od 0.5% BEOPTIC 

‘ è solution deliver the same amount of free drug to the 
pulmonary profile of BETOPTIC, with aqueous humor. 
° e a las tBeta-] selectivity is not absolute. 
no significant compromise in heart 
. ° : BETOPTIC S Sterile Ophthalmic Suspension has produced 

rate. And systemic effects (including minimal effects in patients with reactive airway disease; 
exercise caution in treating patiemts with excessive 

CNS effects) are rarely reported. restriction of pulmonary function. The possibility of 
adverse pulmonary effects in patients sensitive to beta 

"i blockers cannot be ruled out. 


New BETOPTIC S. Glaucoma therapy 
both you and your patients can find 


Contraindicated in patients with sinusbradycardia, 
greater than a first-degree atrioventricular block, cardi- 
ogenic shock, overt cardiac failuse, or hypersensitivity to 
any component of this product. Use caution in treating 


more comfortable. patients with a history of cardiac failure or heart block. 







BETOPTIC S suspension has been wel! tolerated in a 
majority of patients. Discomfort of short duration upon 
instillation may be experienced. Systemic reactions have 
been reported rarely and a complete listing appears in 
the prescribing information. 


Please see brief summary of prescribing information on 
the page following this advertisement. 
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; etaxolol HCI) Suspension, 0.25% s 
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OPHTHALMIC FORT WORTH, TEXAS 76134 


lAs solution iS aunique suspension. © 1990 Alcon Laboratories, Inc. 
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BETOPTIC® S betaxolol HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolol hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure. 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HC! was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783;4,911,920. 
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erleukin 1 incorporated into Elvax- 
40 te yiene-vinyl-acetate copolymer con- 
oo ‘gisting of 40%winyl-acetate by weight) in- 
duces a rapid and strong angiogenic stim- 
ulus when implanted in rabbit corneas at a 
distance of 2.5 mm from the limbus. A 
constant and reproducible neovascular 
stimulus was ebserved with 5 ng per im- 
plant of recombinant human interleukin 1 
alpha or 100 sg per implant of recombi- 
; nart human interleukin 1 beta. At these 
ji “centrations, neither tumor necrosis 
be pt interleukin 2 induced any ne- 
stimulus. These data are inter- 
§ an indication for the possible 
terleukin 1 in angiogenesis of oc- 
-ular {anc other; tissues. As interleukin 1 is 
‘produced by various cells, it is hypothe- 
sized that thisanolecule may be the ‘‘uni- 
tarian angiogenic factor.” 
{Arch Ophthalmol. 1990; 108:573-576) 











The existence of a diffusable angio- 
genie substance called “X-factor” 
was postulated by Michaelson’ more 
than four decades ago. Initial observa- 
| regarding a tumor angiogenic 
nd itscharacterization in 1971 
Howed by the unveiling of a 
d of factors. The findings that 
$ d leukocytes*™* or their 
‘supernatants and prostaglandins of 
theE series’ were able to induce strong 
ang ogenic stimuli opened the way for 
the investigation of the possible in- 
volvement of the immune system in 
angiogenesis. Recently, recombinant 
interleukins became available, en- 
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abling elucidation of their possible role 
in this process. Preliminary studies in 
our laboratory®’ and others’? have 
shown the potential angiogenic ability 
of interleukin 1 (IL-1). We report our 
extended observations on the possible 
role of interleukins in the induction of 
neovascularization. 


MATERIALS AND METHODS 


Recombinant human IL-1 (IL-1 beta from 
Collaborative Research, Lexington, Mass, 
and IL-1 alpha from Hoffmann-LaRoche, 
Nutley, NJ), recombinant interleukin 2 (IL- 
2), and tumor necrosis factor (TNF) alpha 
(both from Cetus, Emeryville, Calif) were 
investigated for their angiogenic potential. 
The various interleukins were incorporated 
into ethylene-vinyl-acetate copolymer (40% 
vinyl-acetate by weight), Elvax-40 (Alza 
Corp) as described in earlier studies." In 
brief, under aseptic conditions, the substance 
to be tested is incorporated into a 10% cast- 
ing solution of Elvax-40, in methylene chlo- 
ride. The methylene is allowed to evaporate 
from the mixture under a laminar flow hood. 
The resulting film of casting polymer is cut 
into 0.5-mm/ pieces that are used as implants. 
Each implant sequesters a given concentra- 
tion of the tested substance according to the 
initial concentration used for the preparation 
of the casting film of polymer. 

The angiogenic ability is tested by insert- 
ing the 0.5-mm?’ implants Into mongrel rab- 
bits’ corneas.’ Under the operating micro- 
scope and strict sterile conditions, a central 
corneal incision 0.3 mm deep and 3 mm wide 
is made at the apex of the rabbit cornea. 
Two radial midstromal tunnels toward the 
corneoscleral limbus are formed with a thin 
cyclodialysis spatula (Fig 1). Implants are 
inserted into these preformed tunnels and 
positioned at the 12-o’clock and 6-o'clock 
meridians 2.5 mm from the surgical limbus 


(Fig 2). In each cornea, one of the two im- 


plants isan “empty” implant of Elvax-40 or 
an implant sequestering 50 ug of human al- 
bumin used as a control. The other implant 
is sequestering the tested substance. The 
rabbit corneas are examined at 3, 6, 12, and 
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24 hours after implantation and every 24 
hours thereafter. The vessel growth is as- — 
sessed under the operating microscope. The 
length of the leading vessel toward the im- `> 
plant and the extent əf the active baseatthe = 
limbus are measured with a surgical cali- = 
per. At various invervals, the eyes are 
removed for histologic examinations. 


RESULTS 


Table 1 illustrates the angiogenic — 
activity of the diferent preparations. 
Recombinant IL-1 alpha obtained © 
from Hoffmann-LaRoche has a higher 
specific angiogenie activity than IL-1 
beta obtained from Collaborative Re- 
search. Interleukm 2, on the other 
hand, is nonangiogenic within the first 
7 days after implantation even at a 
concentration as high as 20 ug per im- 
plant. The corneal neovascularization, 
induced by 5 ng of IL-1 alpha or 100 ng 
of IL-1 beta, is accompanied byamild 
corneal edema and by cellular infil- =~ 
trates (Fig 3). Higher concentrations 
of IL-2 (40 wg per implant) induce 
marked cornea] edema and prominent 
cellular infiltrates (data not shown). 
The neovascular process toward the 
IL-2 implants is delayed. Initial angio- > 
genesis is observed on days 5 through | 
7 after implantaticn, as compared with 
days 1 and 2 when IL-1 is tested (Fig 4). 

Table 2 illustretes the results ob- 
tained with implants sequestering hu- 
man recombinant TNF alpha. Con- 
stant positive angiogenesis is observed 
only with concentrations in the micro- 
gram range. With 1 ag per implant of 
TNF, all implants demonstrate posi- 
tive angiogenesis by day 4 after im- 
plantation. However, these vessels in 
most cases do not reach the implant, 
stop growing, and involute. rapidly. 
Thus, by day 9, orly four of the eight | 
implants maintain new vessels of 0.5 
mm or longer (Table 2). 











Fig 1.—Preparation of the intracorneal tunnels. Note the corneal inci- 
sion at the apex of the cornea and the formation of the midstromal radial 


tunnel toward the limbus. 


Fig 2.—Elvax-40 (ethylene-vinyl-acetate copolymer consisting of 40% 
vinyl-acetate by weight [Alza Corp]) intracorneal implants at 6- and 12- 
o'clock positions. Twenty-four hours after the surgical procedure, the 


central corneal incision and the midstromal tunnels have healed. 


Table 1.—The Ability of Interleukin 1 (IL-1) and Interleukin 2 (IL-2) to Induce 
Corneal Neovascularization 


No. of 
Implants 


interleukins 
None 
IL-1 alpha 


Concentration, ng 
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* Positive angiogenesis is scored when sprouting of new blood vessels from the limbus toward the implant 
has advanced at least 0.5 mm within clear cornea and the active base at the limbus is 4 mm or more. Values 
represent the number of implants showing positive angiogenesis during follow-up. 


COMMENT 

Although IL-1 preparations from 
various sources appear to differ as far 
as their specific angiogenic activity is 
concerned, the kinetics of new vessel 
proliferation with either IL-1 alpha or 
IL-1 beta are similar. The following 
characteristics of IL-1 angiogenic ac- 
tivity are outstanding and may have 
bearing on our understanding of the 
basic mechanisms of neovasculariza- 
tion: (1) Neovascularization is induced 
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by very low concentrations (nano- 
grams). In our experience, IL-1 alpha, 
lipopolysaccharide, and prostaglandin 
E, are the most active corneal angio- 
genic factors we have tested so far. (2) 
The initiation of new vessel growth to- 
ward I[L-l-sequestering implants is 
visualized as early as 24 hours after 
implantation. Again, this has been the 
most rapid sequence of new blood ves- 
sel growth ever observed by us in this 
system. (3) Histologically, the neovas- 


cular process toward the IL-1 implants 
is accompanied by a relatively mild 
cellular infiltrate composed mainly of 
polymorphonuclear cells with a few 
mononuclear cells interspersed among 
them. 

Interleukin 2, on the other hand, is 
nonangiogenic at low concentrations. 
Concentrations of 40 ug per implant 
induce marked corneal edema and cel- 
lular infiltrates prior to any signifi- 
cant induction of corneal neovascular- 
ization. Once initiated, however, the 
angiogenic stimulus reaches the extent 
observed with implants sequestering 
IL-1. Thus, the angiogenic pathway 
initiated by IL-1 probably directly in- 
fluences the limbal vessels while IL-2- 
induced angiogenesis is dependent on 
the generation of other factors. It is 
possible that the reaction observed 
with a high concentration of IL-2 is 
secondary to the induction, produc- 
tion, and release of IL-1 by the infil- 
trating and/or local corneal cells. 

The pattern of corneal neovascular- 
ization induced by TNF alpha is dif- 
ferent from that triggered by IL-1 or 
IL-2. Early mild neovascular sprouting 
is followed by rapid regression of the 
new vessels stimulated by the presence 
of TNF alpha (Table 2). Although TNF 
alpha inhibits endothelial cell prolif- 
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Fig 3.—Left, Angiogenic reaction induced by 5 ng of interleukin 1 alpha. New vessel sprouting is specifically directed to- 


"ar 
ki Eer io ‘> 
z ws 


> es ae 
2 DORE 





ward the implant. Right, Histologic appearance of the cornea is shown in Fig 3, left. The “empty” space delineates the 
position of the implant. To the left and between the corneal epithelium and the upper border of the pocket, the new blood 
vessels are observed as minor tubular structures. Around the new blood vessels, there are a few infiltrating inflammatory 
cells (mostly polymorphonuclear). The corneal architecture is well preserved. 


eration in vitro, an unexpected angio- 
genic activity was detected in vivo.” 
Our data demonstrate the weak angio- 
genic potential of TNF alpha in vivo 
and its specific behavior. It is possible 
that the neovascular activity observed 
teward TNI-sequestering implants, 
and the rapid involution of these ves- 
sels, is the result of the temporary re- 
lease of IL-1 by the local cells. Interac- 
tion between IL-1 and TNF has been 
observed in other systems.'*4 
Stimulated macrophages produce 
IL-1 and are angiogenic.®® Also, mac- 
rophages synthesize and release pros- 
taglandins that have been shown to 
incuce strong corneal angiogenic 
aetivity.”’*'*? Furthermore, pros- 
taglandins influence macrophage ac- 
trvity and IL-1 production.'*? These 
observations, along with the evidence 
that IL-1 can be produced by cells 
other than macrophages,” support the 
possibility that IL-1 may play the role 
of the unitarian angiogenic factor.”! 
This surmise is reinforced by the fact 
that IL-1 has recently been found to be 
angiogenic in the rat brain’ and sub- 
cutaneous tissue and in the mouse.” 
These findings corroborate our earlier 
results regarding the potential angio- 
genic ability ef IL-1 in the rabbit 
cernea’’ and ape in line with the pos- 
tulation that IL-1 may have a pivotal 
role in the induction of neovascular- 
ization in ocular and nonocular tissues. 
Neovascularization of ocular tissues 
is one of the major causes of blindness 
worldwide. The inhibition of ocular 
neovascularization has been the target 
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Fig 4.—Time course of neovascular proliferation toward implants sequestering 100 ng of inter- 
leukin 1 (IL-1) beta and implants sequestering 40 ug of IL-2. Each point on the curves represents 
the average length for three implants. Closed circles indicate IL-1; open circles, IL-2; and trian- 
gles, controls. 


Concentration, 





Table 2.—The Ability of Tumor Necrosis Factor (TNF) Alpha te Induce 
Corneal Neovascularization 


Positive Angiogenesis * 


No. of 
Implants 





*For explanation of positive angiogenesis and values, see Table 1 footnote. 
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age-related macular degeneration. 


~ The unveiling of the interleukins’ role 


in angiogenesis opens avenues for pos- 
sible alteration of the neovascular pro- 
cesses by immunomodulating drugs” 
or by specific inhibitors of IL-1 
activity.” These possibilities are cur- 
< rently under investigation in our labo- 
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effects:on corneal wound healing 
topica? aonsieroidal anti-inflamma- 
tory agents, thurbiprofen sodium (0.03%) 
‘and diclofenac sodium (0.1%), and the 
topical corticesteraid, prednisolone so- 
dium phosphate (1%), were evaluated in 
masked, controlled rabbit studies. Healing 
of epithelial scrape wounds was signifi- 
cantly retarded ir all three treatment 
groups for the first 3 days after wounding. 
There was neo difference in the epithelial 
healing rate between the two nonsteroidal 
7 icostervid treatment groups. Clini- 
: ing of epithelial quality, conjuncti- 
mize, keratitis, stromal edema, 
$ eal haze were similar in all groups. 
was a significant early decrease in 
@iritis scorain the diclofenac treatment 
group. The steengts of 2-mm central pen- 
etrating corneal trephination wounds and 
the collagen content of these wounds 
were similar ir all groups. Both the topical 
nonsteroidal antiinflammatory agents 
andthe corticosteroid used in the prepa- 
rations and dosages investigated in this 
study decreased early epithelialization of 
sumer wounds buthad no apparent effect 





















5 of the Sinai sdaigs were found. 
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-inflammatory agents have a 
:* F broad spectrum of clinical appli- 
cation in ophthalmology. The use of 
topical cortieosteroids is now an indis- 
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pensable modality in the treatment of 
a number of ocular inflammatory con- 
ditions. Side effects of topical ocular 
corticosteroid use, including dimin- 
ished epithelial and stromal wound 
healing, cataract formation, glau- 
coma, and the risk of infection, make 
long-term and intensive corticosteroid 
use inadvisable, however. Recently, a 
number of systemic and topical non- 
steroidal anti-inflammatory agents 
have been developed. These offer the 
hope of a new therapeutic modality 
complementing corticosteroid use or 
even decreasing our reliance on these 
drugs, hence diminishing the well-doc- 
umented systemic and ocular side ef- 
fects. Moreover, given the complex cel- 
lular, biochemical, and immunologic 
interactions involved in wound repair, 
a class of drugs able to suppress un- 
wanted inflammatory phenomena 
without diminishing repair mecha- 
nisms would be invaluable. The non- 
steroidal drugs could, therefore, play a 
particularly useful role in clinical set- 
tings where the inhibition of wound 
healing by corticosteroids may offset 
their valuable anti-inflammatory ef- 
fects. 

This report presents the findings of 
a masked, controlled rabbit study that 
evaluated the effects of two nonster- 
oidal anti-inflammatory agents, diclo- 
fenac sodium and flurbiprofen sodium, 
and one corticosteroid, prednisolone 
sodium phosphate, on the rate and 
quality of corneal epithelial healing 
and on stromal healing with regard to 
wound strength and collagen content. 


MATERIALS AND METHODS 


Sixty-six male New Zealand white rab- 
bits weighing between 2 and 3 kg were used 
in the studies. All investigations described 
were designed to conform with the Associ- 
ation for Research in Vision and Ophthal- 





mology’s Resolution on the Use of Animals <- 
in Research. Anti-inflammatory agents. 
used were the commercial preparations of = 
the nonsteroidal agents, (.1% diclofenac so- 
dium and 0.03% flurbiprofen sodium, and 
1% prednisolone sodium phosphate. The pla- E 
cebo in all studies was the vehicle of the 
diclofenacsodium so ution alone. Forantibi- = 
otic prophylaxis, bacitracin zine-polymyxin> © 
B sulfate ointment ‘Polysporin) was used. > 
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A total of 60 eyes, 15 in each treatment 
group, were used in thisstudy. Rabbits were 
anesthetized with intramuscular ketamine 
hydrochloride (50 mg/kg) and xylazine hy- 
drochloride (4 mg/kg} Topical propa- 
racaine hydrochloride was used for corneal 
anesthesia. A central epithelial defect, 8.5 
mm in diameter, was created by marking 
the cornea with a trephine and, “under the = 
operating microscope, carefully removing 
the circumscribed epithelium with a No.15 == 
Bard-Parker blade (Beeton Dickinson & Con 
Rutherford, NJ) to minimize damage tothe 
underlying basement membrane,' The ade- 
quacy of epithelial rsmeval was ascertained = 
by staining with methylene blue dye. After oe 
the completion of surgery, bacitracin zine- o 
polymyxin B sulfate ointment was instilled. ee 

Bacitracin zinc-polymryxin B sulfate. was n 
instilled once daily andthe treatment drops - 
were instilled four timesa day for the 8days 
of the epithelial study. Assignment. : of E 
masked, coded drugs was made so that no ~ 
animal received the same drug in both eyes 
(balanced incomplete block design). ‘The on 
eyes were examinec dai.y by a masked ob- | 
server using slit-lamp biomicroscopy to 
score the quality of the regenerating epi- = 
thelium, conjunctivitis, keratitis, stromal ~~ 
edema, corneal haze, ard iritis. These ob- 
servations were corroberated by an inde- 
pendent observer on days 2, 4, and 7. In the 
study of the quality of the regenerating ep- 
ithelium, the following 0+ to 4+ scoring - 
system was used for bicmicroscopi¢ evalu- 
ation. 0+, no visible abnormality; 1+, > 
edema apparent br retroillumination. but." 
not by direct illum nation; 2+, edema also 
apparent by direct illumination; 3+, repithe- 
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- epithelium thickened and cloudy with a 
roughened and irregular surface. 
The other subjective clinical criteria 
were similarly scored on a 0+ to 4+ basis. 
To quantitate the rate of epithelial heal- 
ing, each eye was stained with methylene 
- blue dye and photographed daily. The area 
of the defect was quantitated using com- 
puted planimetry, and the relative rate of 
`- „wound closure in the treatment groups was 
-statistically analyzed. Only the 12 eyes in 
each group followed up for the entire study 
-period were included in the analysis. 
One representative eye from each treat- 
ment group was selected in a masked fash- 
ion for examination by light and transmis- 
sion eleetron microscopy at 2, 4, and 7 days 
following wounding. Animals were killed 
with intravenous pentobarbital; 2.5% glu- 
taraldehyde was dropped onto the cornea, 
and the corneas were removed and bisected. 
Tissue for light microscopy was fixed in Kar- 
novsky’s fixative (1% paraformaldehyde, 
1.25% glutaraldehyde, 25 mmol/L of so- 
_ dium phosphate, and 150 mmol/L of sodium 
; cacodylate, pH 7.2) for 48 hours, dehydrated 
using graded concentrations of ethanols, 
-and embedded in glycol methacrylate (LKB 
Historesin, LKB Pharmacia Diagnostics 
AB, Bromma, Sweden). Two-micrometer- 
thick sections were cut with glass knives 
using a Sorvall JB-4 microtome (E.I. du- 
Pont de Nemours & Co, New Town, Conn) 
and mounted on glass slides. The slides 
were then stained with hematoxylin-eosin. 
Specimens for transmission electron mi- 
© croscopy were trimmed to include both 
wounded and nonwounded areas. Tissue 
was fixed in 2.5% glutaraldehyde in 0.1 
mol/L of sodium cacodylate buffer and post- 
fixed in 1% osmium tetroxide in 0.1 mol/L 
of sodium cacodylate buffer. Following de- 
-hydration using graded concentrations of 
‘ethanol, the tissue was embedded in Epon- 
_. Araldite (E.M. Corp, Chestnut Hill, Mass). 
Thick sections were taken to localize areas 
-ofthe leading, regenerating edge. Ultrathin 
sections were cut from the blocks using a 
diamond knife, mounted on copper grids, 
and stained with 2% aqueous uranyl ace- 
tate-lead citrate. Grids were examined 
and photographed using a Phillips CM10 
transmission electron microscope (Phil- 
lips Export BV, Eindhoven, the Nether- 
lands). 





Stromal Wound Healing 


_.. Interference with fibroblast proliferation 
-and collagen formation was studied by ex- 
_amining the effect of the compounds under 
-investigation on stromal wound strength 3 
weeks after the creation of a central full- 
thickness 2-mm corneal wound! A total of 
Er eyes, 18 in each treatment group, were 
used in this study. Rabbits were anesthe- 
tized. with ketamine and xylazine, and a 
-sterile technique was used to trephine a 
“full-thickness, 2-mm central corneal button 
-under the operating microscope. If neces- 
sary, Vannas scissors were used to complete 
the excision. Several minutes were allowed 
to elapse while the plasmoid aqueous of the 
rabbit clotted, plugging the wound and al- 
lowing re-formation of the anterior cham- 
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ber. Bacitracin zinc-polymyxin B sulfate 
ointment was then instilled into the con- 
junctival fornix. All treatment drops were 
administered as in the epithelial healing 
studies for 21 days following wounding, ex- 
cept that treatment with the coded drugs 
was withheld for the first 3 days; by this 
time, slit-lamp observations with fluores- 
cein showed that all the wounds contained 
a firm fibrin plug and were well epithelial- 
ized. Daily observations were made either 
with loupes or at the slit lamp during the 
treatment period. 

One representative eye from each treat- 
ment group was selected in a masked fash- 
ion for histopathelogic examination at 3 
days, 1 week, and 2 weeks after wounding. 
Animals were killed with intravenous pen- 
tobarbital, and 2.5% glutaraldehyde was 
immediately dropped over the cornea. Light 
and electron microscopy specimens were 
prepared as in the epithelial studies. 

At 3 weeks, when the fibrin plug had been 
replaced by sear tissue, the remaining ani- 
mals (12 eyes per treatment group) were 
killed with intravenous pentobarbital and 
the wound strength was measured. This 
was accomplished by inserting a 25-gauge 
needle into the anterior chamber at the 
limbus and increasing the intraocular pres- 
sure by 5 psi at 5-second intervals, using 
compressed nitrogen until wound rupture 
was first observed under the operating 
microscope. The pressure at wound rup- 
ture was recorded as the stromal wound 
strength. 

The sear was excised with a 2-mm tre- 
phine and Vannas scissors, frozen in liquid 
nitrogen, and lyophilized. The dry weight of 
each specimen was obtained. Subsequently, 
the tissues were hydrolyzed overnight in 6 
mol/L of hydrochlorie acid at 120°C, and 
hydroxyproline assay as a measure of col- 
lagen content was performed on the hy- 
drolysate, as described previously.’ Hy- 
droxyproline assay was similarly per- 
formed on excised scars of representative 
animals at 3 days, 1 week, and 2 weeks af- 
ter wounding. 


RESULTS 
Rate of Closure of Epithelial Wounds 


The rate of closure of the 8.5-mm 
epithelial defect was studied in 48 eyes, 
12 in each treatment group (Table 1, 
Fig 1). At 48 hours, the mean percent 
of defect remaining was 23.2% in the 


placebo group, 42.3% in the pred- 
nisolone group, 41.5% in the diclofenac 
group, and 43.7% in the flurbiprofen 
group. At 96 hours, the mean percent 
of defect remaining was 0.8% in the 
placebo group, 3.3% in the pred- 
nisolone group, 8.2% in the diclofenac 
group, and 4.9% in the flurbiprofen 
group. At the conclusion of the exper- 
iment, all eyes in the placebo, flurbi- 
profen, and prednisolone groups were 
healed, while one eye in the diclofenac 
group had a 15% defect remaining. As 
a comparison of epithelial healing 
rates, the mean percentage of epithe- 
lial defect remaining at each time 
point was compared between groups 
using the analysis of variance 
(ANOVA) and the Student-Newman- 
Keuls Test. Significantly larger re- 
maining epithelial defects were found 
in all treatment groups when com- 
pared with placebo during the first 3 
days after wounding (P < .05). On the 
day 4 examination and thereafter, 
there was no significant difference be- 
tween groups. Moreover, there was no 
statistically significant difference be- 
tween the two nonsteroidal or corti- 
costeroid treatment groups at any 
time point. 


Quality of Regenerating Epithelium 


The quality of the regenerating epi- 
thelium was studied in the 48 eves as 
described. The results are presented 
graphically in Fig 2. Most eves showed 
biomicroscopic evidence of mild epi- 
thelial edema. The scores for all treat- 
ment groups were comparable on all 
days (P > .1). Moreover, there was lit- 
tle change in scores within each group 
during the period studied. Figure 3 
shows the typical clinical appearance 
of eyes with different epithelial scores. 


Conjunctival Hyperemia 


The results of scoring the conjuncti- 
val hyperemia are seen in Fig 4. All 
eyes showed mild hyperemia early in 
the experiment that resolved com- 
pletely by the end of the period studied. 
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Fig 1.—Rate of healing of standardized 8.5-mm corneal epithelial 
defects in rabbits using placebo, diclofenac sodium, prednisolone 
sodium phosphate, and flurbiprofen sodium. Each point represents the 
mean of 12 eyes. Differences are statistically significant at days 1 to 3. 
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Fig 2.—Quality of regenerating epithelium using placebo, diclofenac 
sodium, prednisolone sodium phosphate, and flurbiprofen sodium as 


scored by slit-lamp examination. Each point represents the mean score 
of the treatment group population on designeted days of therapy. 


Fig.3.— Quality of regenerating epithelium. Examples of clinical slit-lamp scoring. Top left, 1+: 6 days after wounding, the mild 
epithelial edema is apparent by retroillumination. Top right, 2+: 4 days after wounding, the epithelial edema i apparent by 
direct illumination. Bottom left, 3+: 8 days after wounding, the epithelium is thickened and cloudy. Bottom right, 4+: another 
eye after 8 days shows thickened, cloudy, irregular epithelium with patchy methylene blue staining. 
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Fig 4.—Clinical scoring by slit-lamp examination. Each point represents the mean score of the treatment group population 
(placebo, diclofenac sodium, prednisolone sodium phosphate, or flurbiprofen) on designated days of therapy. 


There was no suggestion of differences 
between treatment groups at any time 
point (P > .15). 


Keratitis 


The degree of keratitis was evalu- 
ated biomicroscopically by evidence of 
stromal cellular infiltration or new 
blood vessel formation. Keratitis scor- 
ing remained relatively constant 
throughout the 8-day observation pe- 
riod (Fig 4). There was no evidence of 
stromal vascularization in any eye. On 
day 4, there was a trend toward in- 
creased keratitis in a comparison of 
the diclofenac group with the placebo 
group, but this was not statistically 
significant (P = .073). At all other time 
points, there was no significant differ- 
ence between any of the treatment 
groups (P > .4). 


Stromal Edema and Corneal Haze 


Stromal edema was evaluated witha 
narrow slit beam; the results are pre- 
sented in Fig 4. After epithelial scrap- 
ing, mild stromal edema was present 
in most eyes. This slowly resolved dur- 
ing the study period. At no time was 
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there a difference between treatment 
groups (P > .3). The degree of corneal 
haze as measured by biomicroscopic 
resolution of iris detail remained rela- 
tively consistent over time (Fig 4). 
Furthermore, the scores for all treat- 
ment groups were comparable on all 
days (P > .4). 


lritis 


The degree of iritis was determined 
by circumlimbal hyperemia, dilatation 
of iris vessels, and cellular and fibrin- 
ous anterior chamber reaction. Results 
are presented graphically in Fig 5. Iri- 
tis resolved in all groups by day 4. 
Moreover, statistical analysis on days 
1 and 2 showed a decrease in iritis in 
the diclofenac treatment group com- 
pared with both the placebo and pred- 
nisolone groups on days 1 and 2 
(P < .05). However, there was no dif- 
ference between the two nonsteroidal 
groups. 


Light and Electron Microscopy 


By light microscopy, normal regen- 
erating epithelium appeared compact 
and regular. Epithelium that appeared 


minimally abnormal by clinical exam- 
ination was seen to have only mild in- 
traepithelial edema. More severely af- 
fected epithelium with a slit-lamp 
score of 2+ or 3+ showed intracellular 
and intercellular edema, often in focal 
areas, and more pronounced irregular- 
ity and thinning of cell layers. The few 
specimens graded as 4+ showed 
marked intracellular and intercellular 
edema, epithelial thinning, and areas 
where the epithelium had apparently 
sloughed. All eyes in the epithelial 
healing study were studied by light 
microscopy. Although differences in 
histopathology correlated with the 
clinical score, no consistent difference 
was noted between treatment groups. 

Representative eyes from each 
treatment group on days 2, 4, and 7 
were studied by transmission electron 
microscopy. Particular attention was 
devoted to the quality of the regener- 
ating epithelium, intracellular and in- 
tercellular edema, the presence of 
junctional complexes, surface special- 
ization, and inflammatory cells. Figure 
6 shows some examples of typical ul- 
trastructural findings. Although there 
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Fig S.—'ritis score. Each point represents the mean score of the treatment group population (pla- 
cebo, diclofenac sodium, prednisolone sodium phosphate, or flurbiprofen) on designated days of 
therapy. Differences are statistically significant at days 1 and 2. 


was variability in electron microscopic 
findings between eyes and consistent 
changes, such as the formation of junc- 
tional complexes, were seen to develop 
with time, noconsistent difference was 
noted between treatment groups at 
any time pomt. 


Stromal Wound Strength 


The results ebtained from 48 eyes 
with stroma. wounds are presented in 
Table 2. One eye in the placebo group 
was unavailable for analysis because 
of infection. The sample means were 
compared using an ANOVA for multi- 
ple treatment groups. This analysis 
showed no statistically significant dif- 
ference in wound burst strength be- 
tween any of the treatment or placebo 
groups (P = .474). 


Hycroxyproline Assay 


Hydroxyproline data taken from 
each wound burst specimen at day 21 
are seen in Table 3. All samples were 
corrected for weight. Four samples 
were lost during processing. Using 
similar statistical analysis as that 
used for the wound burst data, no sta- 
tistically significant difference was 
found between any of the treatment 
groups or the placebo group (P = .362). 
When comparing sample means, there 
was a suggestien that the corticoster- 
oid-treated wounds contained less col- 
lagen than the placebo group. This 
conelusion, however, was not borne out 
by a comparison of sample means 
using an umpaired Students ¢ test 
(P = .163). 


COMMENT 


Given the complex interrelationship 
between melecular and cellular in- 
flammatory and wound healing mech- 
anisms, anti-inflammatory agents 
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may theoretically influence the rate 
and quality of wound healing in many 
clinical settings. The effects of topical 
corticosteroids on corneal epithelial 
and stromal wound healing have been 
well documented in the ophthalmology 
literature. Most studies suggest that 
frequent topical administration of cor- 
ticosteroids decreases stromal tensile 
strength during the first few weeks of 
corneal stromal healing, although 
lower doses may not clinically mani- 
fest this inhibitory effect.”'° Such in- 
hibition of scar formation is presum- 
ably a consequence of diminished fi- 
broblast activity and production of 
new collagen.”!! 

Studies investigating the effect of 
topical corticosteroids on the healing 
of corneal epithelial defects have been 
contradictory. Petroutsos and cowork- 
ers” found inhibition of epithelial heal- 
ing using a variety of topical cortico- 
steroids, including 1% prednisolone 
sodium phosphate administered six 
times daily. Srinivasan and Kulkar- 
ni'*'* found decreased epithelial wound 
healing in corticosteroid-treated ani- 
mals only when the cornea was de- 
nuded completely out to the limbus, 
but not for central wounds. They hy- 
pothesized that conjunctival epithelial 
cell migration may be corticosteroid 
sensitive, whereas corneal epithelium 
per se is not affected. In a clinical 
study, Sugar and coworkers" did not 
find corticosteroid inhibition of epithe- 
lial healing in patients who had un- 
dergone penetrating keratoplasty. 

Corticosteroids exert their effects at 
the molecular level by controlling pro- 
tein synthesis. Their anti-inflamma- 
tory properties are then manifested 
through a number of effects on differ- 
ent cell types. Such effects include the 
inhibition of phospholipase A, produc- 
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tion, which, in turn, decreases the re- 
lease of arachidonic acid, the precursor 
of a number of inflammatory media- 
tors, including prestaglandins, throm- 
boxanes, and leukotrienes.'*!’ Nonste- 
roidal anti-inflammatory agents, in 
contrast, inhibit the formation of in- 
flammatory mediators at a later step 
in the arachidonic acid pathway and 
have fewer widespread cellular effects 
than do corticosteroids. 

Like most classes of the nonsteroidal 
anti-inflammatory agents, flurbi- 
profen sodium, a phenylalkanoic acid 
derivative, inhibits the cyclo-oxyge- 
nase pathway. Diclefenac sodium, a 
phenylacetic acid derivative, similarly 
blocks cyclo-oxygenase but may also 
diminish the intracellular level of free 
arachidonic acid, thereby decreasing 
products of the lipoxygenase pathway 
as well.'? Given the different mecha- 
nism of anti-inflammatory action of 
the various nonsteroidal agents and 
the corticosteroids, their influence on 
wound healing may likewise differ. 

The effects of the two nonsteroidal 
anti-inflammatory agents tested, 
0.03% flurbiprofen sodium and 0.1% 
diclofenac sodium, en corneal wound 
healing have, until now, not been thor- 
oughly studied. However, investiga- 
tions using other nonsteroidal prepa- 
rations have beenundertaken. McDon- 
ald and coworkers’ found no decrease 
in corneal tensile strength in rabbit 
wounds treated with indomethacin or 
phenylbutazone Grops given five times 
daily. In contrast, Miller and co- 
workers” found a similar decrease in 
burst strength in both 1% pred- 
nisolone acetate- and 0.03% flurbi- 
profen sodium-treated full-thickness 
linear rabbit corneal wounds. They 
hypothesized that prostaglandins and 
thromboxanes might be necessary for 
stromal wound healing. Kenyon,” us- 
ing a thermal burn model in rabbits, 
found decreased sterile corneal ulcer- 
ation in corneas treated with either 
0.03% flurbiprofen sodium or 0.5% in- 
domethacin, presumably on the basis 
of decreased inflammation. Histologi- 
cally, such corneas exhibited de- 
creased inflammatory infiltrates but 
maintained an abundant fibroblast re- 
sponse. This agrees with the work of 
Srinivasan and Kulkarni,” who dem- 
onstrated a decreased neutrophil re- 
sponse to epithelial wounding in eyes 
treated with various nonsteroidal an- 
ti-inflammatory agents and some cor- 
ticosteroidal preparations. Finally, 
these same investigators found no de- 
lay in epithelial wound healing using 
either 0.5% indomethacin or 0.01% 
flurbiprofen sodium. ? 

Our studies show that both of the 
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Fig 6.— Transmission electron micrographs of 
epithelium. Top, Diclofenac sodium-treated 
eye, day 2, showing intraepithelial edema (ar- 
row). Center, Placebo-treated eye, day 2. Note 
the inflammatory cells between the epithelium 
and stroma (asterisk) and the intraepithelial 
and interepithelial (arrow) edema. Bottom, 
Flurbiprofen sodium-treated eye, day 7, show- 
ing well-formed hemidesmosomes (arrows). 


topical nonsteroidal anti-inflamma- 
tory agents tested, 0.1% diclofenac 
sodium and 0.03% flurbiprofen so- 
dium, and the topical corticosteroid, 
1% prednisolone sodium phosphate, 
similarly retard the closure of stan- 
dardized 8.5-mm corneal epithelial de- 
fects when compared with a placebo 
control in these rabbit models. This 
difference in epithelialization disap- 
peared after 3 days of treatment, all 
drug treatment groups having com- 
pletely healed defects after similar pe- 
riods. This concordance of epithelial 
healing rates in both the steroidal and 
nonsteroidal groups suggests the pos- 
sibility of some compound similarly 
inhibited by these agents, presumably 
a product of the arachidonic acid path- 
way, which directly encourages epithe- 
lial sliding or mitosis. Alternatively, 
since arachidonic acid metabolites 
have been implicated in the post- 
wounding neutrophil response, modu- 
lation of the inflammatory process 
could secondarily influence wound 
healing mechanisms.” 

Clinical grading of epithelial qual- 
ity, conjunctival injection, keratitis, 
stromal edema, and corneal haze was 
similar between all treatment and pla- 
cebo groups suggesting the absence of 
toxicity. Comparison by light and elec- 
tron microscopy similarly showed no 
noticeable difference between the 
treatment groups. There was, how- 
ever, a significant decrease in early 
iritis in the diclofenac treatment 
group. Although arachidonic acid me- 
tabolites have been implicated in the 
neutrophil response to corneal injury, 
and nonsteroidal anti-inflammatory 
agents specifically inhibit this re- 
sponse, neither the clinical nor the 
histopathologic degree of inflamma- 
tion seemed related to the rate or 
quality of epithelial healing when 
treatment groups were compared in 
this study.”??° 

Nonsteroidal] anti-inflammatory 
agents would be clinically preferable 
to corticosteroids in the treatment of a 
variety of ocular conditions if their 
anti-inflammatory effect were not ac- 
companied by diminished stromal 
wound healing. Our studies comparing 
the strength of healing stromal 
wounds showed no decrease or in- 
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crease in wound strength in any of the 
drug treatment groups when com- 
pared with placebo. This finding was 
corroberatec by the hydroxyproline 
assay data, showing insignificant dif- 
ferences in collagen content between 
eatmeut groups, although there 
suggestion of decreased collagen 

in the eyes treated with pred- 






; a B arin appear surpris- 
: ing given the results of a number of 
earlier investigations. As suggested by 
earlier studies, however, our dosage 
schedule (four times daily) was per- 
haps insufficient to produce a clinically 
detectable wound-weakening effect.&° 
: Furthermore, since the critical period 
stromal wound healing seems to 
ate with fibroblast proliferation 
aysa seri injury, testing of burst 
on day 21 could be too late to 
strate an inhibitory drug effect 
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occurring earlier in the healing pro- 
cess. Alternatively, since the molecu- 
lar mechanism and timing of the corti- 
costeroid effect in the broad wound 
healing scheme is unclear, it is possible 
that withholding drops for the first 3 
days after stromal wounding avoided 
the actual period of susceptibility to 
wound strength inhibition. Further 
studies of wound healing in general 
and of the specific effects of the various 
anti-inflammatory agents in particu- 
lar should help to elucidate the mech- 
anisms by which these drugs influence 
corneal wound repair. 
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in the Rat Eye 


è The treatment of rats with cyclospo- 
rine A by the oral, intraperitoneal, or intra- 
venous routes results in a high level of the 
drug within the liver and spleen in all 
cases. The blood level varies and is high- 
- estafter intravenous injection. The eyes of 
-these animals do not show any significant 
accumulation of the drug, either extraocu- 
_. > larly or intraocularly except for the rats 
. treated by intravenous injection, where 
radioactive cyclosporine A is detected 
_.within the chorioretinal complex. Even in 
these cases, however, no radioactivity is 
observed within the vitreous. After local 
| cation of 2% cyclosporine A eye 
‘ops in olive oil, a high concentration of 
. the drug is found in the cornea and con- 
D junctiva only. No intraocular penetration is 
-. Observed in these cases. However, when 
cyclosporine A eye drops in absolute al- 
cohol are used, high levels of the drug are 
also found in intraocular tissues. Thus, in 
the intact eye, the cornea and conjunctiva 
-on the one hand and the blood retinal bar- 
-tier on the other hand prevent the intraoc- 
-~ ular penetration of cyclosporine A. 
{Arch Ophthalmol. 1990;108:584-587) 


_(“yclosporine A, a cyclic undecapep- 
=- ~ tide, has a unique inhibitory effect 
con the synthesis of interleukin 2 
cby the T helper cells? Initially, the 
-drug was used in humans for the inhi- 
bition of graft rejection of kidney 
_ transplants.’ More recently, its inhib- 
-itory potential on the development of 
 seperimental autoimmune uveitis in 
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Ocular Penetration of Cyclosporine A 


© David BenEzra, MD, PhD, Genia Maftzir, MSc 


the rat’ opened a newer avenue for the 
treatment of endogenous uveitis re- 
fractory to conventional therapy.** 
Soon, however, the fear of nephrotox- 
icity hampered the wider use of cyclo- 
sporine A.*’ Using a2% solution of cy- 
closporine A in olive oil applied topi- 
cally, a therapeutic influence in cases 
of severe vernal keratoconjunctivitis 
with few toxic side effects was ob- 
served.*’ 

To evaluate the potential use of local 
instillation of cyclosporine A in the 
treatment of uveitis, the ability of the 
drug (administered either orally or 
topically) to penetrate the inflamed 
and noninflamed eye of the rabbit has 
been studied.” We report herein our 
observations regarding the rat eye us- 
ing labeled and nonlabeled radioactive 
cyclosporine A given either orally, in- 
traperitoneally, intravenously, or af- 
ter topical application. 


MATERIALS AND METHODS 
Animals 


Sabra rats of both sexes aged 2 to 3 
months weighing 220 to 280 g were used 
throughout the study. 


Systemic Administration 
of Cyciosporine A 


Rats were anesthetized by brief exposure 
to the atmosphere with ether gas. Insertion 
of an esophageal tube was used for the 
“oral” route. Intraperitoneal treatment 
was carried out via perforation of the ab- 
dominal layers using a 25-gauye needle. In- 
travenous injection was performed via one 
of the tail veins after warming the area 
with a halogen lamp. An amount of 4.7 pCi 
of radioactive cyclosporine A (H3 OL-27- 
400n) from a batch (RA-608-8) containing 
0.06 mg/mL per 473 „Ci (Sandoz, Basel, 
Switzerland) was administered. Three rats 
were used for each experiment. Each eye 
was analyzed separately. 


Local Application of 
Cyclosporine A 


Instillation of 12 drops at 15-minute in- 
tervals and a total final volume of 100 nL 
containing 4.7 „Ci of radioactive cyclospo- 
rine A were used as a standard. Three rats 
were given this treatment of 12 drops in one 
eye. The contralateral eye received a 100-yL 
solution without cyclosporine A. Three ad- 
ditional rats were given the 100 «4L contain- 
ing cyclosporine A in the two eyes (6 drops 
in each) and in the intervals an additional 
100 4L without cyclosporine A was instilled. 
Thus, each rat received the same total 
amount of radioactive cyclosporine A and 
the same number of drops. 

The 4.7 Ci of radioactive cyclosporine A 
used for the local treatment was either di- 
luted in absolute alcohol (as the original 
solution) or in olive oil. Therefore, in one set 
of experiments the cyclosporine A was- 
given in absolute alcohol while in the second — 
set the rats received drops in the oil solu- 
tion. This latter eye drop preparation con- 
sisted of 90% olive oil and 10% absolute al- 
cohol. 


Evaluation of the Cyclosporine A 
Tissue Levels 


Thirty to 60 minutes after administra- 
tion of the last eye drop and 1 hour after the 
initial injection of the systemic dose, the 
rats were killed by exposure to ether for 10 
minutes in a closed chamber. 

Blood samples were obtained by direct 
cardiac puncture, withdrawing 2.0 mL into 
a heparinized syringe. Aqueous humor was 
aspirated under the microscope from each 
eye separately. The eyes of locally treated 
rats were thoroughly washed with isotonic 
saline before tapping the anterior chamber 
using a 30-gauge needle and a tuberculin 
syringe. 

After withdrawal of the aqueous humor, 
the eyes were rapidly enucleated and dipped 
into three different isotonic saline solu- 
tions. Careful dissection of the various tis- 
sues, with attempts to remove them in toto, 
was performed under the microscope. The 
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dissected tissaes were partially dried by 
o plaeing them on a filter paper and then 
| transferred. tescintillation bottles contain- 
ing 2.0 mL of Lumax 40, consisting of 60% 
ase and 40% Lumax- scintillation con- 





















~The Boa tissues were alee aed by 
placing them en a filter paper, transferred 
te scintillation bottles, and processed in the 
same manner as the ocular tissues. 

The level of radioactivity was determined 
by a Kontron liquid scintillation counter 
(Kontren, Zarich, Switzerland) with 
quench correetion. Tissues dissected from 
normal rats were used as background 
a any radioactive material). Toeval- 
juenching effect, 1 uL of 1:10° dilu- 
ie original cyclosporine A solution 
4} 10 the scintillation bottles con- 
ng the various normal tissues. 
ach experiment, the data are repre- 
ated as the mean (+ SEM) obtained from 
three to six measurements derived from 
three rats. 
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RESULTS 


After ora: treatment the highest 
concentration of cyclosporine A was 
detected in the liver. Lower levels of 
cyclosporine A were observed in the 
spieen and peripheral blood. All ocular 
_ tissues shewed radioactive levels close 
te kground while the retro-orbi- 
» demonstrated a significantly 
-activity (Fig 1). Introduction of 
closperine A intraperitoneally 
din a tissue distribution simi- 
i the one observed using the oral 
: foute but with a higher concentration 
of radioacti: ve cyclosporine A within 
the liver, spleen, and blood. A radioac- 
tivity level dightly higher than back- 
grounc was also observed within the 
_chorioretina: complex in 50% of the 
eyes { Pig 2). 

After intravenous injection of the 
drug, the racioactivity level within the 
spleen, and blood was 10-fold 
t thar that observed after in- 
oneal administration and 40- 
rher than that after oral inges- 
ig 2). in these animals, a detect- 
level cf radioactivity was also 
bserved in the chorioretinal com- 
-plexes i in alleyes. The level of activity 
in all ether ocular tissues (and fluids) 

remained within background levels 
(Fig 3). 

After lecs] application of radioac- 
tive cyclospcrine A directly to the eyes, 
a different pattern of distribution 
wri the tissues was observed. Using 

-either »solute alcohol or the olive 
eye drow solutions resulted in a 
ntratien of the . radioactivity 
the eye, with minimal radioac- 
etected in the blood, liver, or 
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Fig 1.—Distribution of radioactive cyclosporine A after oral ingestion. of the drug. The means 
+ SEMs of three to six measurements are illustrated. 
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Fig 2.~——-Distribution of radioactive cyclosporine A after intraperitoneal injection of the drug. 


j 
H 
i 
; 
$ 
T 
3 
i 
i 


Tritiated Cyclosporine, cpm X 107 
Rh 
S 


ò  . ef N gè wa za os Ke & 
soe N) ye? aE” os xe we 
© ~o g o o PN 


20 
po” Tissue 


Fig 3.—Distribution of radioactive cyclosporine A after intravenous injestiorvof the drug. Note the = 
relatively high radioactivity level within the chorioretinal complex and the lack of de ctable 
cyclosporine A within the vitreous. 
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Fig 4.—Distribution of radioactive cyclosporine A after instillation of the drug in absolute alcohol 
solution. Very high levels of radioactivity are detected in the cornea and conjunctiva with radio- 
activity also observed in the aqueous humor and iris. 
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Fig 5.—Distribution of radioactive cyclosporine A after instillation of the drug in olive oil solution. 
High levels of radioactivity were detected only in the cornea and conjunctiva. Note the relatively 


low activity detected within the sclera. 


spleen (Figs 4 and 5). However, a 
marked difference between the two so- 
lutions regarding the ocular distribu- 
tion of cyclosporine A was observed. 
With the absolute alcohol preparation, 
a marked intraocular radioactivity 
was detected. Along with the concen- 
tration of cyclosporine A in the cornea 
and conjunctiva, a very high level of 
radioactivity was detected in the aque- 
ous humor. Radioactivity was ob- 
served in the iris, while slightly higher 
than background activity was detected 
in the lens, vitreous, and chorioretinal 
complex. It is interesting that the con- 
centration of cyclosporine A in the 
sclera remained relatively low (Fig 4). 
With the oil solution, cyclosporine A 
was detected only in the extraocular 
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tissues. The conjunctiva and cornea 
demonstrated the highest level of ra- 
dioactivity. The aqueous humor and 
the other intraocular tissues of these 
treated eyes did not show radioactivity 
greater than background levels (Fig 5). 

Comparing the directly treated and 
nontreated eyes, we could not detect 
any recirculation effect. The radioac- 
tivity within the ocular tissues of the 
contralateral (nontreated) eyes re- 
mained within background levels even 
when the absolute alcohol eye drops 
were used (Fig 6). 


COMMENT 


After systemic administration of cy- 
closporine A either orally, peritoneal- 
ly, or intravenously the highest con- 


centration of the drug was observed 
within the liver. High levels of cyclo- 
sporine A were also found in the blood 
and spleen. Within the orbit and globe, 
the only tissue demonstrating a radio- 
activity level greater than background 
with all methods of injection was the 
retro-orbital fat tissue. These data are 
compatible with previously published 
studies in the rat! and the mouse.” 
Using these routes of administration, 
the ocular tissues did not show any 
significant levels of cyclosporine A ex- 
cept for the chorioretinal complex 
when the intravenous route has been 
used. One may always argue that the 
amount of cyclosporine A used (or the 
total level of radioactivity) was too 
small to allow accumulation of the 
drug within the ocular tissues. How- 
ever, the high level of radioactivity 
observed in the liver and spleen and 
even in the retro-orbital fat are in fa- 
vor of a simpler explanation; namely, 
cyclosporine A has no specific affinity 
to ocular tissues. Moreover, the rela- 
tively high concentration of the drug 
within the chorioretinal complex after 
intravenous injection and its total ab- 
sence from the vitreous in these cases 
clearly demonstrate that cyclosporine 
A does not cross the blood-retinal bar- 
rier. In this aspect, the retina behaves 
like the brain.” Once the blood-retinal 
barrier is damaged by intraocular in- 
flammation, high concentrations of cy- 
closporine A can be detected within the 
vitreous of the rabbit eye!’ and in the 
human eye.'*» 

Local instillation of cyclosporine A 
eye drops, using the methods described 
in this study, did not induce any sig- 
nificant accumulation of cyclosporine 
A within the liver and spleen. Possibly, 
this was due to the relatively low 
degree of absorption into the system 
from the conjunctiva. When the abso- 
lute alcohol eye drops were used, very 
high levels of radioactivity were de- 
tected in the cornea and conjunctiva. 
In these eyes, the induced damage to 
the corneal epithelium by the alcohol 
solution allowed intraocular penetra- 
tion of the drug. Thus, high concentra- 
tions of cyclosporine A were detected 
within the anterior chamber and 
greater than background radioactivity 
was detected in all intraocular tissues 
of these eyes. When oil solution was 
used and the integrity of the corneal 
epithelium was preserved, the cyclo- 
sporine A was found in the conjunctiva 
and cornea only. No detectable radio- 
activity was observed intraocularly. It 
is interesting that the sclera showed 
little radioactivity compared with the 
conjunctiva or cornea. Probably, these 
findings derived from the poor pene- 
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Fig 6.—Distribution of radioactive cyclosporine A after instillation of the drug in absolute alcohol 
eye drops in only the right (treated) eye. Note that although penetration of the drug was observed 
ithe aqueous humor of the treated eyes, no detectable radioactivity was observed in any tissues 


of the contralateral left (untreated) eye. 


tration of cyclosporine A beyond the 
conjunctivabtissue. Therefore, any sig- 
nificant intraocular penetration via 
the sclera cannot take place if the drug 
is delivered by instillation of eye drops. 
It remains te be seen whether subcon- 
junctival or retro-orbital injections 
would circumvent this obstacle and 
inerease the intraocular penetration of 
the drug. 

Careful assessment of the results 
shows that after local instillation of 
eyclosporine A, the drug does not pen- 
etrate the healthy cornea. Apparently, 
the conjunctiva also serves as a barrier 
fer the intraocular penetration of cy- 
closporine A. It is difficult to reconcile 
our observations with the results dem- 
onstrating intraocular penetration of 
cyclosporine A within the intact eye as 
reported by others.'*!’ In our opinion 
our results ciearly demonstrate that in 
the rat, recirculation of cyclosporine A 
after systemic absorption following 
instillation of eye drops cannot ac- 
count for any significant intraocular 
penetration of the normal rat eye as 
reported by ethers using the rabbit eye 
model It is obvious that the lack of 
intraocular penetration of cyclo- 
sporine A in the normal eye should 
also be expected in view of the strong 
blood-retinal barrier that prevents 
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crossing of cyclosporine A into the 
aqueous humor or the vitreous cavity. 
Even in cases where the cyclospor- 
ine A level in the blood is very high, 
as after intravenous injections, the 
intact rat eyes show significant levels 
of cyclosporine A within the chorioret- 
inal complex but no detectable levels 
within the vitreous. Thus, it is difficult 
to accept that simple recirculation of 
locally absorbed drug can truly induce 
significant concentration of cyclospor- 
ine A within the contralateral eye of 
these animals. However, in inflamed 
eyes, the breakdown of the blood-ret- 
inal barrier results in intraocular pen- 
etration of cyclosporine A in the rab- 
bit? and in humans,'* after oral 
treatment with high doses of cyclo- 
sporine A. 

From the results of our previous 
studies'*’ and the data observed in the 
present study, we conclude that local 
application of the present cyclosporine 
A molecule in the clinically available 
formulas is not suitable for the treat- 
ment of intraocular inflammation. 


The authors have no commercial or proprietary 
interest in any device, equipment, instrument, or 
drug discussed in this article. 

The authors thank Judith Fisher for editing 
and typing the manuscript and Israel Barzel for 
the illustrations. 
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- Encircling Photothrombotic Therapy for 


Choroidal Greene Melanoma Using Rose Bengal 


"Kirk E. Winward, MD; Charles K. Dabbs, MD; Karl Olsen, MD; Brant D. Watson, PhD: 


Eleut Hernandez; Cathy DiBernardo, RN 


~. @ The photosensitizing dye rose bengal 
-in combination with an argon green laser 


a (514.5 nm) operated at low power was 


evaluated in 49 rabbit eyes for treatment 
of experimental choroidal Greene mela- 
noma by circumferential occlusion of the 
_ choroidal vasculature. The effects of no 
_ treatment, laser alone, and rose bengal 
-alone were observed i in 16 control eyes, all 
Of which showed rapid tumor growth. Im- 
mediately following rose bengal injection, 
ess minutes of continuous irradiation at 20.4 
CW cm? (500-um spot, 40 mW) applied in 
-three to four circumferential revolutions 
|. around the base of tumor nodules, without 
-direct tumor irradiation, produced periph- 
eral vascular occlusion and consequent 
__ tumor inhibition. Similar therapy at higher 
_- laser intensity (30.6 W/cm?) and with mul- 





tiple retreatment sessions (28.0 to 30.6 


em?) resulted in increased tumor-inhib- 
‘iting effect. Low-dose rose bengal photo- 
` therapy did not appear to directly damage 
ocular tissues adjacent to treatment ar- 
eas; however, when multiple irradiation 
- sessions were given within a short inter- 
val, an increased incidence of retinal de- 
a tachment was observed. 

- (Arch Ophthalmol. 1990;108:588-594) 
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N umerous therapeutic modalities 
have been developed for the treat- 
ment of intraocular melanoma, several 
of which involve the use of lasers. Re- 
cently the organic dye rose bengal has 
been used in combination with low-en- 
ergy arc lamp or laser irradiation to 
produce vascular thrombosis.'? This 
procedure, termed photothrombosis, 
was initially used to produce experi- 
mental cerebral thrombosis in rats 
and has since been used to occlude cor- 
neal neovasculature** and retinal and 
choroidal vessels in rabbits.*’ The vas- 
cular occlusion is facilitated via the 
generation of singlet oxygen mole- 
cules, which, in turn, peroxidize vascu- 
lar endothelial membranes and thus 
initiate platelet adhesion and aggre- 
gation.® In vessels less than 200 um in 
diameter, thrombi produced are com- 
posed almost entirely of platelets with 
minimal associated fibrin. Conse- 
quently, these thrombi are resistant to 
lysis by tissue-type plasminogen acti- 
vator, a characteristic that is the ap- 
parent explanation for the perma- 
nence of this type of thrombosis.’ Ad- 
ditionally, the low incident intensity 
levels required for this procedure re- 
sult in significantly less laser-induced 
thermal damage and subsequent in- 
flammatory response.’ In this study, 
we investigated the feasibility of rose 
bengal phototherapy to occlude the 
peripheral choroidal blood supply of 
experimental choroidal melanoma and 
thereby induce tumor necrosis. 


MATERIALS AND METHODS 


All procedures in these experiments were 
performed in accordance with the Associa- 


tion for Research in Vision and Ophthal- 
mology resolution on the use of animals in 
research. Forty-nine New Zealand white 
rabbits were examined with biomicroscopy 
and indirect ophthalmosecopy and were 
found to have normal eyes. Rabbits were 
anesthetized with intramuscular xylazine 
hydrochloride (14 mg/kg of body weight) 
and ketamine hydrochloride (14 mg/kg of 
body weight), and the eyes were dilated 
with topical phenylephrine hydrochloride 
(2.5%) and tropicamide (1%) prior to all 
procedures. One eye in each of the 49 
animals had amelanotic Greene melanoma 
cells implanted in the suprachoroidal space 
approximately 2 dise diameters inferior to 
the optic nerve via a previously described 
transvitreal approach.’ Suecessful choroi- | 
dal tumor growth, defined as an ophthal-. 
moscopically visible tumor nodule, oe- 
curred in 47 animals that made up the ex- 
perimental group. Tumors were similar in 
size among the control and treatment 
groups (described below). Preliminary ex- 
periments using rose bengal and argon la- 
ser treatment in rabbit eyes provided the 
basis for the treatment variables used in 
the present study, but preliminary data are 
not included in this report. 

Rose bengal (molecular weight, 1018 d; 
certified grade, Aldrich Chemical Co, Mil- 
waukee, Wis) was dissolved in normal sa- 
line to produce a final concentration of 20 
mg/mL and was filter sterilized via a 0.22- 
um millipore filter {Millipore Corp, Bed- 
ford, Mass) for intravenous use. All animals 
receiving intravenous rose bengal did so at 
a dosage of 20 mg/kg of body weight. _ 

A manually directed argon laser (System 
900 Argon Laser, Coherent, Palo Alto, 
Calif) was employed with a slit lamp- 
assisted delivery system and a Goldmann 
fundus contact lens to focus the laser beam 
on the retina. A neutral-density filter 
placed in the path of the beam reduced the 
power to the desired low level. A Scientech 
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power meter (Mode! 360001, Scientech Inc, 
Boulder, Colo) was used to monitor laser 
operating power at intervals throughout 
the procedure. Immediately after intrave- 
nous injection of rese bengal, continuous 
irradiation (514.5 nm, 500 um, 40 to 60 mW) 
was applied in three to four circumferential 
revolutions areund the base of the tumor 
nodule. At no time was irradiation applied 
directly to the tumor surface. The circum- 
ferential irradiation was designed to indi- 
cate the contribution of vascular insuffi- 
ciency to tumor death. 

Thirty-one animals were randomly di- 
vided into three treatment groups. Group 1, 
consisting of $ animals, was irradiated at 
an incident power ef 40 mW for 3 minutes 
(intensity, 20.4 W/em?; total dose, 7.2 J) on 
day 7 after implantation. In group 2, 10 
rabbits were irradiated at an incident 
power of 60 mW for 3 minutes (intensity, 
30.6 W/cm; total dose, 10.8 J) on day 7. 
Greup 3, comprising 13 animals, underwent 
multiple irradiation sessions. Nine eyes 
were irradiated at an incident power of 55 
mW for 3 minutes en days 4 and 7, and 60 
mW for 3 minutes an day 14, for a total of 
three laser sessions (intensity, 28.0 to 30.6 
W/cm}; total dose, 30.6 J). Four eyes were 
irradiated with the above variables on days 
7 and 14 for æ total of two laser sessions 
(intensity, 28.0 to 30.6 W/cm}; total dose, 
20.7 J). Since the four eyes that underwent 
two phototherapy sessions responded sim- 
ilarly to those that received three treat- 


ments, all animals given multiple treat- 
ments were considered as a single group. 

Sixteen rabbits were randomly selected 
as controls. Six rabbits received no treat- 
ment after tumor implantation. Seven ani- 
mals received irradiation in the absence of 
rose bengal at an incident power of 40 mW, 
60 mW, or 55 mW in a manner identical to 
the corresponding treatment group. Three 
rabbits were given 20 mg/kg of intravenous 
rose bengal and were “treated” with the la- 
ser aiming beam for 3 minutes but were not 
irradiated with the argon laser. 

An ophthalmoscopic tumor-grading sys- 
tem was devised to quantitate tumor 
growth as follows: grade 0, no evidence of 
tumor; grade 1, tumor nodule confined 
within the area of laser placement as de- 
fined by the chorioretinal ring scar; and 
grade 2, tumor extension beyond the mar- 
gins of laser placement. In nonirradiated 
eyes not having ring scars defining treat- 
ment location, a clinical estimate was nec- 
essary for classification. (Nevertheless, 
nonirradiated control eyes universally 
demonstrated larger tumors.) If retinal de- 
tachment obscured the view of tumor ex- 
tent, the eye was classified as grade 2. 

Ophthalmoscopy and fundus photogra- 
phy (ceiling-mounted Zeiss surgical photo- 
scope) were performed after tumor implan- 
tation, 1 day before laser therapy, 1 day af- 
ter laser therapy, and 2 and 3 weeks after 
implantation. Selected animals underwent 
fluorescein angiography according to the 





same time schedule. Angiograms were ob- 
tained immediately following intravenous 
injection of 1 mL of 10 mg/mL of sodium 
fluorescein solution. Tumors, except those 
in group 1, were evaluated by standardized 
echography 1, 2, and 3 weeks after implan- 
tation. All except four animals (described 
below) were killed with an intravenous 
overdose of pentobarbital sodium 3 weeks 
after implantation, and tumor-bearing eyes 
were enucleated and prepared for light mi- 
croscopic examination using hematoxylin- 
eosin staining techniques. 


RESULTS 


In untreated tumer control eyes, 
choroidal Greene melanoma grew rap- 
idly and, by 3 weeks, universally re- 
sulted in large tumors replacing a sub- 
stantial portion of the vitreous cavity 
and frequently demonstrating extra- 
scleral extension. Tumor-bearing eyes 
treated with either laser alone (Fig 1) 
or rose bengal alone fared only mini- 
mally better. Maximal tumor height as 
measured by standardized echography 
revealed large tumors in all three con- 
trol groups. Regardiess of whether 
eyes received no treatment, laser only, 
or rose bengal only, rapid tumor 
growth ensued. Table 1 summarizes 
the data from the control groups. 

In treatment group 1, four of eight 


Fig 1.—Top left, Fundus photograph showing 
nodular choroidal tumor 2 weeks after implan- 
tation in a control eye irradiated with 55 mW, 
55 mW, and 60 mW on days 4, 7, and 14, re- 
spectively, in the absence of rose bengal. Top 
right, Same tumor 3 weeks after implantation. 
A large multilobulated tumor with adjacent ret- 
inal detachment (arrows) fills the posterior 
pole. Left, Histopathologic section of another 
control eye irradiated without rose bengal 
demonstrates equally large tumor (T) replacing 
the choroid. Relatively intact retina (arrow) is 
present at one margin (hematoxylin-eosin, 
original magnification X44). 
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eyes showed grade 1 tumor at 2 weeks, 
with the other four being grade 2 (Fig 
2). By 3 weeks, all tumors had pro- 
gressed to grade 2 (Table 2). (One an- 
imal with grade 2 tumor was killed at 
2 weeks for histologic examination.) 
Nine of 10 tumors were grade 1 at 2 
weeks in treatment group 2. Seven of 
the 9 tumors remained grade 1 or less 
at 3 weeks. Two eyes in this group dis- 
played no ophthalmoscopically evident 
tumor at 3 weeks; however, light mi- 
croscopy of histologic sections showed 
nests of viable tumor cells among ne- 
crotie debris in both of these eyes (Fig 
3). In several eyes classified as grade 1, 
histologic sections demonstrated mi- 





No. of 
Eyes 


Control 
Group 


Rose bengal alone 3 1 
2 





Table 1.—Tumor Grade in Control Eyes 


Tumor 
Grade* 


2 6 (100) 6 (100) 
2 5 (71) 5 (71) 


croscopic extension of tumor beyond 
the chorioretinal scar at the treatment 
margin. Echographic data from this 
group are listed in Table 3. 

In group 3, 12 of 13 tumors were 
grade 1 at 2 weeks. However, only 3 of 
12 eyes (one animal was killed prior to 
3 weeks after cellulitis developed) were 
grade 1 or less at 3 weeks. The major- 
ity of the 9 eyes with grade 2 tumor at 
3 weeks were so classified due to reti- 
nal detachment obscuring accurate vi- 
sualization of tumor margin despite 
having relatively small tumors as 
measured by echography. Two eyes in 
this group revealed no evidence of tu- 
mor at 3 weeks (Fig 4). These two an- 







No. (%) of Eyes 
at 3 wk 


No. (%) of Eyes 
at 2 wk 


O (0) O (0) 
3 (100) 3 (100) 


* Grade 1 indicates tumor nodule confined within the area of laser placement as defined by the chorioretinal 
ring scar. For nonirradiated eyes not having ring scars defining treatment location, a clinical estimate was nec- 
essary for classification. Grade 2 indicates tumor extension beyond the margins of laser placement. 
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ment margin. 


imals continued to be observed and 
demonstrated no evidence of ocular or 
metastatic disease 10 weeks after im- 
plantation. Electroretinograms per- 
formed at that time showed no signif- 
icant difference between the normal 
eye and the treated eye. (Electroreti- 
nograms were produced with a photic 
stimulator [Model PS 22 C, Grass In- 
strument Co, Quincy, Mass] and re- 
corded with a clinical averager [Model 
CA 1000, Nicolet Biomedical, Madison, 
Wis]). At 14 weeks, a tumor nodule de- 
veloped near the site of tumor implan- 
tation in one of the two rabbits. The 
other rabbit remained tumor free, and 
when killed at 19 weeks, no tumor was 
evident on histologic examination. 


COMMENT 


In this study, we investigated the 
feasibility of photothrombosis using 
rose bengal to treat experimental cho- 
roidal Greene melanoma in a rabbit 
model. Numerous therapeutic modali- 
ties exist for the treatment of choroi- 
dal melanoma. Enucleation, observa- 
tion, irradiation, hyperthermia, vari- 
ous chemotherapeutic agents, local 
tumor resection, and combinations of 
the above have been advocated.'®* La- 
ser therapy in several forms has been 


Fig 2.—Top left, At 2 weeks this tumor, circumferentially irradiated for 
3 minutes with 40 mW following rose bengal injection (treatment group 
1), is confined (grade 1) within the laser ring scar (black arrows). Open 
arrow indicates implantation retinotomy with adjacent hemorrhage. Top 
right, Same tumor at 3 weeks has enlarged (grade 2) to extend just be- 
yond irradiated zone (arrows). Left, Fluorescein angiogram showing 
margin of irradiated zone of a group 2 eye 1 day after rose bengal pho- 
totherapy. Internal to the ring of irradiation (black arrows), vascular sta- 
sis is apparent whereas peripheral choroidal perfusion is unaffected. 
Open arrow indicates fluorescein staining of edematous retina at treat- 
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studied. Direct photocoagulation is 
limited to small tumors and has been 
associated with significant complica- 
tions, including hemorrhage, retinal 
detachment, and cystoid macular 
edema.” In contrast to our technique, 
direct photecoagulation is typically 
performed by first encircling the tu- 
mor mass with a single or double row 
of photocoagulations and subse- 
quently applying repeated photocoag- 
ulation givenat1- to 2-month intervals 


to the entire surface of the tumor. Ex- 
cimer endolaser tumor ablation was 
successful in removing tumor tissue in 
an animal model, but technical diffi- 
culties and intraocular hemorrhage 
complicated the procedure.” A high- 
powered argon endolaser with an out- 
put range of 10 to 15 W (in combination 
with pars plana vitrectomy to remove 
the necrotic tissue) ablated experi- 
mental tumor to bare sclera while 
maintaining hemostasis.'* 


Table 2.—Tumor Grade in Treatment Eyes 


No. of 
Eyes 


irradiation 
Power, mW 


Tumor 


55, 55, 60 
(3 sessions) 


No. (%) of Eyes 
at 2 wk 


No. (%) of Eyes 
at 3 wk 


7 (100)t 


12 (92)+ 





9 (75)§ 


“Grade 0 indicates no evidence of tumor; grade 1, tumor nodule confined within the area of laser placement 
as defined by the chorioretinal ring scar; and grade 2, tumor extension beyond the margins of laser placement. 

tOne animal was Killed at 2 weeks for histologic examination. 

Statistically significant at P < .05 when compared with untreated control eyes with two-tailed Fisher's Exact 


Test. 


§0One animal was killed 2 weeks after developing cellulitis. 
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Photodynamic therapy of intraocu- 
lar melanoma offers several potential 
advantages over other therapeutic mo- 
dalities. Surgical invasion of the globe 
is avoided, thereby eliminating the 
theoretical possibility of surgically in- 
duced metastasis or local extension of 
tumor. The laser beam ean be precisely 
directed to target tissues, limiting tis- 
sue damage and avoiding delayed vi- 
sual loss as can occur with radiation- 
induced complications. Photodynamic 
therapy using hematoporphyrin deriv- 
ative has been used with varying de- 
grees of success in treating ocular tu- 
mors in both animal and several small 
clinical studies.'°*! Clinical results us- 
ing hematoporphyrm derivative ap- 
pear to be better when treating non- 
pigmented tumors such as retinoblas- 
toma or amelanotic melanoma than 
when applied to pigmented tumors.” 
Therapy with hemateporphyrin deriv- 
ative also requires that patients avoid 
sunlight exposure for several weeks to 
avoid the risk of profound erythema.” 
Phototherapy using chloroaluminum 
sulfonated phthaloeyanine has re- 
cently shown promise in treating iris- 
implanted Greene melanoma in rab- 
bits.” 

Our study differs in several respects 


Fig. 3—Top left, This tumor, treated with 60 mW of circumferential irra- 
diation (treatment group 2), is grade 1 at 2 weeks. Ring scar is desig- 
nated by arrows. Top right, at 3 weeks, the tumor has increased slightly 
in height but remains grade 1. Arrows indicate ring scar. Left, Histo- 
pathologic section of another 60 mW-treated eyesthat ophthalmoscop- 
ically showed no tumor at 3 weeks (grade 0). However, light microscopy 
revealed viable tumor cells (arrows) within the choroid. The overlying 
retina (R) is atrophic (hematoxylin-eosin, original magnification X700). 
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Table 3.—Tumor Height by Standardized Echography 


Mean +SD Mean +SD 
No. of Average Height Average Height 
at 2 wk, mm at 3 wk, mm 





Controls 
No treatment 


Laser alone 
Rose bengal alone 


Irradiation Power, mW 
60 


§5, 55, 60 
(3 sessions) 


Statistically significant at P < .01 when compared with untreated control eyes by analysis of variance. 









eo: 


pec ani 





Fig 4.—A, Fundus photograph of an eye from group 3 (multiple irradi- 
ation sessions) demonstrates small central tumor surrounded by laser 
scar (arrows) at 2 weeks (grade 1). B, Same eye at 3 weeks shows an 
avascular circular scar with a fibrous tissue remnant (arrow) at the site 
of previous tumor. This eye was observed for 4% months without 
evidence of recurrent tumor. C, Histologic sections of group 3 eyes at 
3 weeks after irradiation, comparing normal retina (R) and choroid (C) 
peripheral to the site of rose bengal phototherapy (left, hematoxylin- 
eosin, original magnification X350) with retina and choroid at junction 
of treatment (center, hematoxylin-eosin, original magnification X350). 
Right micrograph demonstrates markedly atrophic retina and choroid at 
the site of tumor implantation in eye, which, at 19 weeks, revealed no 
viable tumor cells (hematoxylin-eosin, original magnification X700). D, 
Another group 3 eye at 3 weeks is classified as grade 2 due to retinal 
detachment (arrows) obscuring the view of tumor margin, although oph- 
thalmoscopically and echographically this eye contained only a relatively 
small tumor. 
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from previous studies of laser treat- 
ment of choreidalamelanoma. We eval- 
uated encircling phototherapy alone 
whereas other studies using photoco- 
Er ulation or other photosensitizing 
: agi ts have directly irradiated tumor 
tissues. The use of rose bengal as a 
phe bosensitiaing agent for tumor pho- 
totnerapy i is also aovel. Rose bengal is 
a potent typed] photosensitizing agent 
that interacts with light of the appro- 
priate lattice to produce vascular 
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is 6% of thepeak absorption. The low 
intensity required to produce photo- 
thro hosis per vits 3 laser irradiation 








s the Sak a ai T 
-sitization due to accidental sunlight 
exposure. 
inthis study, we observed that low- 
dose rese bengal . phototherapy, ap- 
plied te the choroidal vasculature sur- 
rounding the tumor, produced signifi- 
tant tumor inhibition in our model. In 
contrast, low-energy irradiation alone 
had little effect en tumor growth. In 
animals treated with 20.4 W/cm? 
| (group 1), tumors had smaller base di- 
‘mensions than ix control groups. An 
ed tunvor-inhibiting effect was 
“i when 30.6 W/cm? (group 2) of 
tion was employed. At this en- 
density. a greater percentage of 
tum rs were confined and remained 
confined within the area of irradiation 
2 and 2 weeks after implantation. Ad- 
ditionally, tumors in group 2 demon- 
strated echozrapnically smaller maxi- 
mal heights. Diferences in both tumor 
grade and tumer height were statisti- 
; cally significan: et 2 and 3 weeks after 
implantation when group 2 eyes were 
compared with nonirradiated control 
» -@yas, Multiple photody namic sessions 
i E p3) were likewise effective in in- 
-hibiting tumor growth, showing sta- 
“tistivally significant differences in tu- 
-mer grade at 2 weeks and in tumor 
Reig ani at uoh - weeks and 3 weeks 
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smaller anc shewed more necrosis 
. than tumors in eontrol groups. 
o Twoof seveneres treated with laser 
alene remained grade 1 at 3 weeks. 
This may be due to a vaso-occlusive ef- 
feet of encircliag photocoagulation 
: alene. Alternatively, it may be ex- 
= plained by the weakness of a categor- 
a jeal tumor-grading system in that a 
fumer may either enlarge, stay the 
Ba wie or regress while still remaining 
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the same grade. Both of the above- 
mentioned tumors visibly enlarged be- 
tween weeks 2 and 3 while still remain- 
ing grade 1. As a group, eyes treated 
with photocoagulation alone showed 
maximal tumor heights approxi- 
mately twice that of rose bengal- 
treated eyes. 

The apparent mechanism of tumor 
suppression in this model is ischemia- 
induced tumor necrosis after photo- 
thrombosis of its choroidal vascular 
supply. Ophthalmoscopy and fluores- 
cein angiography revealed widespread 
vascular occlusion within the circular 
area of irradiation. Though not specif- 
ically quantified in this study, it was 
our clinical impression that tumor in- 
hibition was directly related to the de- 
gree of induced vascular occlusion. In 
control eyes and in preliminary exper- 
iments using incident power levels less 
than 40 mW, permanent thrombosis of 
the rabbits’ large choroidal vessels 
was not produced, and tumor growth 
was relatively unaffected. Tumor 
growth in individual eyes in groups 1, 
2, and 3 tended to reflect the degree of 
individual vascular occlusion. Follow- 
ing rose bengal injection, 3 minutes of 
irradiation at 60 mW typically re- 
sulted in the closure of the vast major- 
ity of (but not all) choroidal vessels. It 
was this observation that prompted 
the investigation of multiple laser ses- 
sions, with the second and third ses- 
sions specifically directed toward re- 
sidual patent vessels. Although we 
cannot exclude the possibility that 
scattered laser light inflicted direct 
photochemical injury to tumor nod- 
ules, this seems unlikely since tissue 
damage peripheral to the ring of irra- 
diation was not evident. It seems 
doubtful that significant laser scatter 
would occur internal to the ring of ir- 
radiation without also demonstrating 
effects of peripheral scatter. Neverthe- 
less, it is possible that focal vascular 
incompetence within the tumor might 
result in higher local concentrations of 
rose bengal, making tumor tissue more 
susceptible than peripheral tissues to 
effects of laser scatter. 

Tumor necrosis was incomplete in 
all but one animal. This is thought to 
be due to incomplete thrombosis of tu- 
mor vascular supply. However, in a 
number of animals, particularly in the 
multiple laser session group, the tu- 
mor nodule within the ring of irradia- 
tion was small, white, and necrotic ap- 
pearing whereas tumor outside the 
treated area was pink and displayed 
more rapid growth. This observation 
could be explained by the more favor- 
able vascular supply outside the mar- 
gin of treatment, allowing more vigor- 


ous tumor growth. An alternative ex- 
planation is that peripheral growth in 
these instances may be due to preex- 
isting tumor outside the treatment _ 
zone and not to regrowth of treated 
tumor. Greene melanoma has been 
shown to exhibit shallow, diffuse lat- ` 
eral spread beyond the margins of 
clinically visible :umor—a character- 
istic that has limited the evaluation of 
long-term tumor regrowth in this 
model. Yet another explanation is 
that during tumor implantation small 
fragments of tumor were dispersed in 
the suprachoroidal space, resulting in 
multinodular implartation with the 
small fragments producing visible 
nodules only late in the study period. 

Several complieatiens attributed to 
photodynamic therapy were observed. 
One rabbit develepec cellulitis at the 
site of an inadvertent intra-arterial 
injection of rose bengal. Focal retinal _ 
edema, intraretinal hemorrhages, and _ 
shallow exudative detachment of the. . 
retina within the treatment area reg- — 
ularly occurred. Less commonly, se- | 
rous subretinal fluid would pool under | 
the inferior retina. These exudative 
detachments resolved spontaneously 
in 2 to 7 days following single-session | 
irradiation. In group 3, the detach- — 
ments were larger and were still. 
present when the. animals were killed 
1 week following the third irradiation 
session. Six of the nine group 3 eyes 
classified as grade 2 at 3 weeks were: 
categorized due te retinal detachment 
obscuring visualization of tumor ex- 
tent, even though the maximal tumor — 
height among these six tumors ranged ` 
from only 3.0 to 4.1 mm. Although it 
was not uncommon fer large tumors to 
have associated exudative retinal de- 
tachment, the high percentage of de- 
tachment in eyes with small tumors 
suggests that the phetodynamic ther- 
apy played a causative role in the 
detachment. Three photodynamic 
therapy sessions within 10 days were 
effective in producing more complete 
vascular occlusion, but the exudative 
response was cumulative. If treatment 
sessions were given at longer intervals, 
it is possible that multiple treatments 
could be given withoat undue morbid- 
ity. However, the rapid tumor growth 
in our model necessitated early re- 
treatment. 

Royster and associates" observed ir- 
reversible damage to the myelinated 
nerve bundles of rabbits following rose 
bengal phototherapy when filtered xe- 
non light was applied directly to the 
myelin wings. We did not observe such 
injury, presumably because tumors _ 
were implanted inferior to the optic 
dise, and phototherapy was not ADEE | 
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-sites of direct laser application as well 
= as internal to the ring of irradiation. In 
30 of the 31 rose bengal-irradiated 
- eyes in this report as well as in all eyes 

-inour preliminary studies, tissue dam- 
- age peripheral to the area of photo- 
- therapy was not observed. One eye in 
- this study did show retinal injury in 
areas outside sites of phototherapy. 
The Les aa for this finding in one 


systemic side effects of rose bengal 
even in rabbits receiving three doses of 
20 mg/kg within 10 days, although 
`: laboratory analyses of toxicity were 
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not performed. Previous work diwed 


that rose bengal given at 40 mg/kg 
produced only transient elevation of 
serum liver function test results.‘ 
The application of photodynamic 
therapy using rose bengal in the treat- 
ment of ocular malignant melanoma is 
promising but still experimental. Rose 
bengal phototherapy permits tumor 
treatment with incident intensity lev- 
els many times less than those tradi- 
tionally used for tumor photocoagula- 
tion. The present study illustrates the 
importance of the peripheral vascular 
network to tumor growth and suste- 
nance. Encircling photothrombotic 
therapy using rose bengal produces 
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does laser irradiation alone. Direct 
phototherapy of the tumor itself with 
or without combined encircling photo- 
therapy may enhance the therapeutic 
effectiveness of rose bengal-induced 
photothrombosis. Such procedures are 
currently being evaluated. Alterna- 
tively, rose bengal encircling photo- 
therapy may be beneficial if used in 
combination with other therapeutic 
modalities such as brachytherapy, hy- 
perthermia, or chemotherapy. 
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liferative diabetic retinopathy and 
vitreous hemorrhage, several reports 
have noted enhanced clearance of hem- 
orrhage following retinal cryother- 
apy.!* 

Cryotherapy could promote more ef- 
fective clearing of existing hemor- 
rhage if it augmented normal mecha- 
nisms of clearance. Clearance of blood 
from the vitreous has been shown in 
animal studies to be due partly to the 
action of inflammatory cells that enter 
the vitreous in response to hemor- 
rhage and phagocytize hemorrhagic 
debris.” This response, however, may 
be insufficient for complete clearing.*” 
Since one of the responses to cryother- 
apy is an inflammatory cellular reac- 
tion,® we hypothesized that retinal 
eryotherapy enhances the clearance of 
existing vitreous hemorrhage by stim- 
ulating an influx of phagocytic inflam- 
matory cells, which is greater than 
results from hemorrhage alone. The 
purpose of this study was to test this 
hypothesis in a rabbit model of vitre- 
ous hemorrhage. 


MATERIALS AND METHODS 


Forty-four adult pigmented rabbits 
weighing 2 to 3 kg were used. Anesthesia 
was induced with intramuscular ketamine 
(30 mg/kg) and xylazine (5 mg/kg) and 
topical proparacaine. Mydriasis was pro- 
duced by topical application of 5% pheny!- 
ephrine and 0.75% tropicamide. 

Fresh autologous whole blood was with- 
drawn from a marginal ear vein into a 
plastic syringe using a 27-gauge needle and 
was immediately transferred to a citrated 
blood collection tube to minimize fibrin clot 
formation. The blood cells were pelleted by 
centrifugation at 5000 rpm for 10 minutes, 
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Fig 1.—Autoradiograph of an optic nerve 3 days after injection of blood. The arrowheads indicat- 
ing labeled nuclei also show the greatest depth into the nerve in which cells were counted. 
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Fig 2.—Results of ophthalmoscopic examinations. Rabbit eyes with vitreous hemorrhage that were 
treated with cryotherapy developed less extensive vitreous opacity than untreated eyes. The vit- 
reous opacity grades at days 2 through 28, inclusive, were significantly different (P < .01). All eyes 
in the untreated group had grade 5 vitreous opacity at days 14 and 21. Vertical lines correspond 


to + SD. 


choroidal and retinal detail, with or with- 
out discrete mass of blood/fibrin; and 5, no 
view with poor to absent red reflex. 

To label proliferating monocyte/ 
macrophages at the optic disc,'! 370000 Bq 
of tritiated thymidine was injected 24 hours 
prior to killing into the central vitreous of 
the right eye via a 30-gauge needle passed 
through the pars plana of the superonasal 
quadrant. The control left eye was also la- 
beled in selected rabbits. 

Eyes were fixed in 10% neutral buffered 
formalin for 24 hours. The optic nerve with 
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a 5-mm perioptic rim of eyewall was re- 
moved and embedded in paraffin, and 5-um 
sections were taken through the optic nerve 
perpendicular to the medullary ray. Radio- 
autographs of every other section were 
prepared by dipping slides in Kodak (Roch- 
ester, NY) NTB2 liquid emulsion, followed 
by an exposure period of 5 days and stain- 
ing with hematoxylin-eosin. 

From each eye, a total of five nonadjacent 
tissue sections from the central 150 um of 
the nerve were chosen for cell counts. Care 
was taken to choose sections from equiva- 


lent locations in each nerve so that the to- 
tal area of the nerve studied was the same 
for each eye. Tissue sections were examined 
at X400, and the number of cells with 
labeled nuclei were counted across the en- 
tire surface of the nerve. Only cells located 
at the vitreal interface and to a depth of one 
microscope field were included (Fig 1). The 
data for each eye were expressed as the 
mean number of labeled cells per optic 
nerve section. Two rabbits developed en- 
dophthalmitis and are not included in the 
results. The results of cell counts and vitre- 
ous opacity grading for each group were 
statistically analyzed using Student’s t test 
and Wilcoxon’s Rank Sum Test, respee- 
tively. 


RESULTS 


The ophthalmoscopic observations 
are shown in Fig 2. One day after 
induction of vitreous hemorrhage, all 
eyes showed a discreet mass of blood in 
the central vitreous cavity with occa- 
sional strands of blood also extending 
along the needle tract toward the scle- 
rotomy site. By 5 to 7 days, eyes that 
did not have cryotherapy had devel- 
oped diffuse vitreous epacity of grades 
4 to 5. This opacity generally persisted 
for the duration of observation, al- 
though some eyes showed improve- 
ment to grade 3 by 4 weeks. No eyes 
without cryotherapy improved to bet- 
ter than grade 3 by the end of the ex- 
periment. In contrast, no eyes that had 
cryotherapy developed greater than 
grade 3 vitreous opacity. In these eyes, 
the mass of blood gradually resolved, 
with some clearing nearly completely 
by 4 weeks. The vitreous opacity 
grades for each group were signifi- 
cantly different (P < .01) at days 2 
through 28, inclusive. 

The greatest number of labeled cells 
in the optic nerve in both groups of 
eyes occurred at 3 days and decreased 
to control levels by 42 days (Fig 3). 
However, the peak number of labeled 
cells in eyes treated with cryotherapy 
was approximately 2.5 times greater 
than in untreated eyes. Cell counts at 
days 3, 5, and 7 were significantly dif- 
ferent between the two groups 
(P < .05). It should be noted that the 
number of eyes from each group avail- 
able for examination decreased as an- 
imals were killed so that relatively few 
eyes remained during the 14- to 42-day 
period. 


COMMENT 


The natural history of vitreous hem- 
orrhage following injection of autolo- 
gous whole blood in the rabbit eye has 
been studied by Forrester and 
colleagues. Similar to our observa- 
tions, the vitreous became opaque af- 
ter the third day and the opacity began 
to lessen by about the fifth week. His- 
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Fig 3.—Results of counts of labeled cells in the optic nerve. Cryotherapy-treated eyes had a peak 
number of labeled cells 2.5 times greater than that of untreated eyes. Cell counts at days 3, 5, 
and 7 were significantly different (P < .05, Student's t test). Control eyes (left eye of each rabbit) 
received tritiated thymidine but received no blood injection or cryotherapy. Vertical lines 


correspond to + SD. 


tological examination suggested that 
clearance of red blood cells from the 
vitreous required hemolysis followed 
by phagocytosis of the hemorrhagic 
debris.’ Significantly, there was only a 
low-grade cellular inflammatory re- 
sponse that consisted mainly of mac- 
rophages, and it appeared insufficient 
to completely remove the hemor- 
rhage.’ 

We previously evaluated a model of 
vitreous hemorrhage in rabbits in 
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which the vitreous was injected with 
hemoglobin.''? Following injection, 
the vitreous was invaded within 3 to 4 
days by cells of hematogenous origin, 
primarily |monocyte/macrophages, 
which phagocytized vitreal debris. 
These cells underwent DNA synthesis 
within the vitreous and so could be la- 
beled by tritiated thymidine. They 
were observed in the vitreous at the 
optic disc and within the septae and 
blood vessels of the nerve, which is 
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= | @ Eye injuries are an important cause of 
_ecular morbidity in children. We con- 
CA ucted a population-based study of eye 
requiring hospital admission for 
jer than 16 years in the state 
a during the 1982 calendar 
population-based estimate of 
ance of ocular trauma in Maryland 
i was 15.2 per 100000 per year 
onfidence interval, 12.8 to 17.7). 
} patients. outnumbered female pa- 
a ~ tents as victims of eye injuries by a ratio 
. of approximately 4:1; eye injuries in 11- to 
_ > 4S-year-old children occurred at more 
than twice the rate than for younger chil- 
i dren: The mest common cause of pediat- 
_.fic ocalar trauma was accidental blows 
and talis (37%). Sports and recreational 
- activities aceounted for 27% of all eye in- 
39% ef all nonpenetrating injuries, 
% of ail injuries in 11- to 15-year-old 
ne A. comparison of the causes of 
3 ries at statewide specialty trauma 
; and: community-based hospitals 
ted that sports-related injuries were 
at general hospitalis more than 10 
more frequently than at the trauma 
nters. Other important causes of eye in- 
‘juries were burns (9%), car crashes (11%), 
and nenpowder firearm accidents (4%). 
=: We conclude:that the majority of pediatric 
ye injuries are preventable, and that the 
mplementation of well-established safety 
trecautions would greatly reduce this 
- of visual disability in our nation’s 
in. 
hf) Ophihalmol. 1990; 108:603-606) 





































































injuries are a leading cause of 
onocular blindness in children, 
ften result in significant ocular 
bidity less serious than blindness.’ 
stimated that 55% of all eye in- 
occur before age 25 years, and 
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that as many as 160000 school-age 
children in the United States are vic- 
tims of ocular trauma each year.’ 
While general reviews of pediatric oc- 
ular trauma have been reported," 
there is little population-based infor- 
mation on the incidence, severity, and 
causes of ocular trauma among chil- 
dren. In an effort to describe these pa- 
rameters, we conducted a population- 
based study of a sample of eye injuries 
requiring hospital admission for chil- 
dren younger than 16 years in the state 
of Maryland during the 1982 calendar 
year. The most striking result of our 
investigation was the finding that 
sports and recreational activities were 
a major cause of eye injuries among 
school-age children. 


PATIENTS AND METHODS 


Patients with eye injuries formed a sub- 
set of cases from a larger population-based 
study for the entire state of Maryland. The 
study included all children younger than 16 
years sustaining traumatic injuries of any 
type requiring hospitalization during 1982. 
Cases were ascertained by a review of hos- 
pital discharge data. The design, ascertain- 
ment of cases, and methods of the larger 
study are described in detail elsewhere.” 
Briefly, the study population consisted of 
injured children admitted to 5 specialty 
trauma centers and to 27 other Maryland 
hospitals (population in this age group, 
1002980). Data were obtained for all 
(100%) injured children admitted to the 
trauma centers and a sample (20% ) of chil- 
dren admitted to the other hospitals. The 
inclusion of cases from both trauma centers 
and community-based hospitals allowed for 
comparison of injuries among patients 
treated at these facilities. The 27 commu- 
nity hospitals from which the cases were 
ascertained for this study represented a 
stratified (by geographic location) sample 
of the state’s 54 hospitals. 

All children sustaining acute eye injuries 
were included in the study population. Eye 
injuries included injuries to the globe as 
well as orbital fractures, lid lacerations, 
and optic nerve injuries. The age-, race-, 
and sex-specific populations for children 
younger than 16 years in Maryland were 
interpolated from the 1980 Census Report, 
based on population growth rates for each 
category. Information regarding the cause 
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and circumstances of injury was obiai 
from a careful review of each inpati 
hospital chart and: tabulated on 


ters were included i in 1 the aay a a va Al 
1.00 was given to each patient treat 
such a center. Since only a sample. 
jured children (20% ) admitted to 
eral hospitals were included in the 
value of 5.00 or greater was assigni 
patient treated at. one of these ] 
The weighted values greater. t 
ranged from 5.09 to 8.37, and we 
mined by the number of cases asi 
in each hospital am the census. es 














region served by that facility. The total of | 
all the weighted values equaled the total 
number of childrea who were hospitalize pag 
in Maryland in 1982 (N = 5795). 0 0 5 
The study population consisted of 3 nee 
timated number of 167 eye injuries. 
tual number of cases was 57, wil 
children treated at the specialty 
centers representing 40 cases 
weighted estimate, and the rem: 
patients treated et the general | 
representing 127 cases in the ighte 
estimate. Only 4 children in the st 
resided outside the state of Maryland, an 
these cases were excluded from the numer- <> 
ators in the calculation of the population- 
based incidence rates. In addition, the de=- 
nominators used ia the computation of the 
rates were adjusted to reflect the racial 
composition of the stady population. The 
SEs of the incidence rates were calculated < 
according to the Foisson estimation Meche 
nique. Son 



















RESULTS 


The populaticn-based eatin ate: of 5c 
the incidence of eye injuries requiring — 
inpatient hospitalization for children — 
younger than 15 years was 15.2 per © 
100000 (95% confidence interval, 12.8 ` 
to 17.7). Differences in these estimated = 
incidence rates were most. 
among sex and age categorie 
1). Male patients greatly o 
female patients by. a ratio 
mately 4:1, with incidence 
per 100000 and 6.4 per 100 0¢ 














espec- ` 


tively. The incidence rate of 23.7 per 
100 000 for 11- to 15-year-old children 
was more than double that of younger 
age groups. 

The estimated incidence rates for 
white and black children were nearly 
identical in this study (15.1 and 15.5 
per 100000, respectively). The similar- 
ity in incidence rates among whites 
and blacks was consistent within gen- 
der subgroups. White male patients 
demonstrated an injury rate of 25.9 per 
100000 and black male patients a rate 
of 22.4 per 100000. 

Injuries to the globe (lacerations, 
hyphemas, and corneal abrasions) 
were the most common types of eye in- 
juries in this study, comprising 78% of 
all injuries and occurring at the rate of 
15.7 per 100000 per year (Table 2). 
Penetrating injuries to the globe, gen- 
erally the most severe form of ocular 
trauma, occurred at a rate of 3.9 per 
100 000 per year. Nonpenetrating inju- 
ries, which accounted for nearly three 
quarters of the injuries to the globe, 
occurred at an annual incidence rate of 
11.8 per 100000. Hyphemas comprised 
80% of nonpenetrating injuries and 
occurred at a rate of 8.7 per 100000 per 
year. External ocular injuries (orbital 
fractures and lid lacerations) were 
also present in the study population, 
accounting for 22% of all injuries, and 
occurring at a rate of 8.4 per 100000 
per year. 

The most common causes of ocular 
trauma were accidental blows and 
falls (37% ), sports activities (27% ), car 
crashes (12%), burns (9%), and fire- 
arm accidents (4%). Sports activities 
were a prominent cause of both pene- 
trating and nonpenetrating injuries to 
the globe and were responsible for 39% 
of nonpenetrating injuries (Fig 1). 
Firearms accounted for 19% of pene- 
trating injuries, as well as 2% of non- 
penetrating injuries. Burns were re- 
sponsible for 21% of nonpenetrating 
injuries. 

The causes of ocular injury varied 
markedly among age categories (Fig 
2). Accidental blows and falls and car 
crashes caused more than 95% of ocu- 
lar trauma in very young children, 
whereas sports activities, burns, and 
firearms were responsible for 61% of 
eye injuries in older children. The 
prominence of sports-related injuries 
in older school-age children was strik- 
ing, comprising 40% of the causes of 
eye trauma in 11- to 15-year-old chil- 
dren. Sports-related eye injuries oc- 
curred at an overall annual incidence 
rate of 9.1 per 100000 (95% confidence 
interval, 6.2 to 11.5). The sports asso- 
ciated with ocular trauma in this study 
were baseball, tennis, soccer, archery, 
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Demographic Group 








Type of 
Injury Total Injuries 
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Table 1.—Estimated Incidence of Eye Injuries Among Maryland Children by 
Demographic Group 


Rate per 100000 


23.7 


All children 15:2 
Sex 
M 23.7 
F 6.4 
Age, y 
0-5 10.0 
6-10 10.6 
11-15 
Race 
W 15.1 
B 15.5 


Table 2.—Percent and Incidence of Eye Injuries Among Maryland Children by Injury 
Type 


Percentage of 








W Penetrating Injuries 








95% Confidence Interval 
12.8)" 17.7 






19.4, 28.0 
4.1, 8.7 






6.5, 13.5 
6.9, 14.3 
18.6, 28.7 







12.2, 18.0 
10.9, 20.2 



















Rate per 95% Confidence 
100 000 interval 
8.4 5.8, 10.9 







15.7 12.2, 19.2 
8.7, 14.7 








6.1, 11.3 






External Injuries 
Nonpenetrating 


Injuries 
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Firearms Burns Car Crashes 


Causes of Eye Injuries 


Fig 1.—Causes of eye injuries in Maryland children younger than 16 years, by injury type. 


and fishing. While most sports-related 
injuries to the globe were of the non- 
penetrating variety, 16% of these 
events did result in penetrating inju- 
ries. 

A unique feature of the current 
study was the ascertainment of cases 
from both hospitals with statewide 
specialty trauma centers and hospitals 
that do not usually treat severe inju- 
ries. A comparison of the distribution 
of types and causes of eye injuries 
treated at each group of facilities 
proved noteworthy. The total number 


of injuries treated at the general hos- 
pitals and the specialty trauma cen- 
ters were tallied, and frequency ratios 
based on the type and cause of ocular 
injury were constructed. The results of 
these calculations appear in Table 3. 
As might be expected, less severe 
injuries were treated more frequently 
at general hospitals. Nonpenetrating 
injuries to the globe and external in- 
juries were seen four to five times more 
often at these hospitals, with fre- 
quency ratios of 4.4 and 4.8, respec- 
tively. Penetrating injuries were 
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Fig 2.—Causes of eye injuries in Maryland children younger than 16 years, by age category. 
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Fig 3.—Distridution of the major causes of eye injuries in Maryland children younger than 16 years 
at trauma referral centers and community-based hospitals. 


treated with approximately equal fre- 
quency at both groups of treatment 
centers (ratio, 1.1), but comprised a 
larger preportion of cases at the 
trauma center (38% vs 14%). 
Sports-related eye injuries were 
seen more than 10 times more fre- 
quently at the community-based hos- 
pitals in this study than at the trauma 
referral centers (ratio, 10.3). Similarly, 
injuries associated with burns and car 
crashes were treated at the general 
hospitals more often than at trauma 
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referral centers, with frequency ratios 
of 13.8 and 4.0, respectively. All eye in- 
juries caused by firearms in this study 
were treated at the trauma specialty 
centers. 


COMMENT 


Eye injuries are an important cause 
of hospitalization for pediatric pa- 
tients; an estimated 167 children were 
treated as inpatients for ocular 
trauma in Maryland during 1982, with 
an annual incidence rate of 15.2 per 


Table 3.—Compérisen of Eye Injuries: 
General Hospitals vs Specialty 
Trauma Centers 


Injury Category Frequency Ratio * 


Type 
External 


Nonpenetrating 
Penetrating 
Cause 

Burns 

Sports 

Blows and falls 

Car crashes 

Other 
Firearms 





* Frequency ratios ape calculated by dividing the 
estimated number of injuries treated at general hos- 
pitals by the estimated number of injuries treated at 
specialty trauma centers. 


100 000. Since our study only included 
cases of ocular trauma treated as in- 
patients, the incidence rate cited above 
underestimates the actual occurrence 
of eye injuries in the pediatric popula- 
tion. Children sustaining eye injuries 
who were treated in hospital emer- 
gency departments and discharged 
without admission were not repre- 
sented in the study population. More- 
over, children seen in physicians’ of- 
fices for eye injures or treated in am- 
bulatory care centers were also 
excluded from this study, along with 
those individuals who received no 
medical treatment. Inclusion of these 
injured children as “cases” in the de- 
termination of incidence rates would 
have considerably increased the mag- 
nitude of these rates. 

Our study differs from previous 
work in its ascertainment of cases 
from hospitals throughout the state of 
Maryland, permitting a population- 
based estimate of incidence rates. In 
addition, each of the 57 eye injuries 
described in this study was potentially 
vision threatening, whereas other re- 
ports have included large numbers of 
relatively minor injuries. Despite 
these differences, the findings of our 
study are in agreement with other in- 
vestigations of the causes of pediatric 
ocular trauma.*= In each of these 
studies, boys greatly outnumbered 
girls as victims of eye injuries, and the 
greatest number of eye injuries oc- 
curred in school-age children. The 
most common causes of childhood eye 
injuries were aecidental blows and 
falls, sports and reereational activi- 
ties, nonpowder firearm accidents, car 
crashes, and burns. 

The role of sperts as an important 
cause of ocular trauma in children was 
the most striking finding of this study. 
Kye injuries caused by sports activities 
accounted for a substantial percentage 
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of trauma in every injury category. 
- Sports-related injuries were the most 


-~ common cause of ocular trauma among 


11- to 15-year-old children. Sports ac- 
tivities were the cause of 32% of the 
eye injuries seen at community-based 
hospitals compared with 10% of inju- 
ries treated at specialty trauma cen- 


; ters (Fig 3). The relative lack of atten- 


-tion that sports has received as a cause 
of ocular morbidity may be related to 

ts underestimated presence as a cause 
“of severe eye injuries in specialty 
trauma centers, where most studies 
-of such eye injuries have been per- 
- formed.*" Since the patient population 
in this study represents individuals 
not treated at such centers, the finding 
of a large number of sports-related eye 
injuries is of great importance. 

- Jt has been demonstrated that the 
concerted efforts of ophthalmologists, 
_ legislators, educators, and sports offi- 
cials can greatly reduce the ocular 

morbidity of certain sports activities 
with the implementation of well-es- 
tablished safety precautions. ®™ In 
‘Canada, the dramatic reduction of ice 
hockey-related ocular injuries (more 
-than 90%) occurred as a direct result 
of mandating the use of certified pro- 
< tective eyewear and headgear in orga- 
~ nized amateur hockey in that coun- 
‘try Although closed protective eye- 
guards are available and advised for 
‘most racquet and ball sports, they are 
‘not mandatory in most athletic facili- 
ties and school yards. In addition, 

“many clubs and gymnasiums enforce 
< rules designed to protect the floors and 
-athletic equipment, while guidelines 

_ for protecting the athletes themselves 
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remain strictly voluntary, if present at 


all.” 

Nonpowder firearms, most notably 
BB guns, were demonstrated to be a 
significant cause of eye trauma in chil- 
dren. Despite the excellent documen- 
tation of the often profound ocular 
morbidity associated with injuries 
caused by these guns,'*'*” they con- 
tinue to be marketed as toys, remain- 
ing exempt from toy safety legisla- 
tion.” Such guns currently deliver pel- 
lets with sufficient force to inflict fatal 
injuries, not to mention severe eye 
injuries.” Firearms are most often as- 
sociated with penetrating injuries to 
the globe and are among the most se- 
vere injuries an eye can sustain. Trag- 
ically, the victims of such injuries are 
often left with a visual acuity of 20/200 
(legal blindness) or worse.'*'’™ A mod- 
ified design of these guns to reduce 
their injurious properties as well as 
public education about the dangers of 
BB guns might reduce their role as a 
cause of pediatric ocular trauma. 

Car crashes were shown to be an 
important cause of eye trauma in the 
youngest patients in this study (chil- 
dren 5 years and younger). Restrain- 
ing the occupant of a car to avoid 
contact of the eye and orbit with the 
injurious portions of the vehicle is the 
best method of preventing ocular and 
facial trauma. Three European studies 
have indicated that the annual inci- 
dence of ocular injuries from car 
crashes decreased between 60% and 
77% following the institution of man- 
datory seat belt use.*?’ Car seat and 
safety belt laws are now mandatory in 
many states. These legislative mea- 
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sures aboh with the introduction 


of passive restraint devices (such as air 
bags) and antilacerative windshields 
on many automobiles sold in the 
United States should help to reduce 
the rate of eye injuries from car 
erashes.**" 

The incidence of permanent visual 
loss cannot be predicted from the inci- 
dence rates of eye injuries because 
many of the vision-threatening com- 
plications of such injuries (eg, cata- 
ract, retinal detachment) develop 
months after the initial event. Data 
pertaining to the follow-up and ulti- 
mate visual outcome of the patients in 
this study were unavailable to us. Sev- 
eral studies have examined the visual 
results after treatment of pediatric 
eye injuries, but these investigations 
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patients receiving specific treatment 
regimens, and followed up for rela- 
tively brief periods." Long-term 
follow-up of a larger population of 
children with eye injuries would pro- 
vide information that is crucial to 
completely assess the public health 
impact of pediatric eye trauma and its 
associated ocular morbidity. 

Nevertheless, the data presented in 
this study clearly indicate that the 
majority of pediatric eye injuries are 
preventable. Sports activities are a 
major cause of eye injuries in children. 
The efficacy of protective equipment 
and other safety precautions in reduc- 
ing eye injuries caused by sports, car 
crashes, and firearms has been well 
established. Prevention remains the 
best method of containment of pediat- 
ric ocular trauma. 
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New Instrument 


A Fiberoptic Stylette for Localizing the Balloon Buckle 


Harvey Linco, MD; Panos Stergiu, MD; Ingrid Kreissig, MD 


è A third-generation balloon catheter 
that accepts a fiberoptic has been devel- 
oped. The fiberoptic is inserted through 
the catheter ‘o the center of the balloon 
when the balloon is in the area of the ret- 
inal break. Viewed with the ophthalmo- 
scope light atdim to off, the balloon canbe 
seen glowing through the wall of the eye. 
The position of the balloon can then be 
shifted until the glow is precisely under the 
retinal break. 

[Arch Ophtnaimol. 1990; 108:607) 


temporary buckling procedure 

that uses a balloon-tipped cathe- 
ter inserted into the parabulbar space 
was developed in 1979.' In the proce- 
dure the retinal break is localized by 
transconjunctival depression, with the 
cryosurgical prebe and its position 
marked on tne conjunctiva with a sur- 
gical pen. The unexpanded balloon is 
inserted to beneath the mark through 
a small incision in the conjunctiva that 
is made anterierly in the radian of the 
break. When in place the balloon is ex- 
panded with 1 mL of water. Initially, 
the expanded balloon is compressed 
between theeye and the bony orbit, the 
intraocular pressure elevated, and the 
buckle shallow. During the next hours 
as the eye decompresses, the indenta- 
tien of the balloon increases and pro- 
duces a buckle hizh enough to close the 
break and cause subretinal fluid to be 
absorbed. The balloon is deflated and 
withdrawn after 1 week. Long-term 
adhesion is ebtained by cryopexy to the 
edges of the break before insertion, or 
laser is applied after subretinal fluid 
has been absorbed. 

Accurate subconjunctival place- 
ment of the balloon is crucial for the 
success of the operation. Transcon- 
junctival localization, however, is com- 
promised by the mobility of the con- 
junctiva. While the transconjunctival 
freeze may be on the break, the freeze 
impression on the conjunctiva that is 
marked with dye can slide 2 or 3 mm 
across the sclera after the application 
thaws. The correct placement of the 
balloon must finally be confirmed by 
viewing the balloon buckle under the 
break, through the ophthalmoscope. 


Aecepted for publication December 13, 1989. 
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Fig 1.—The uninflated balloon glows from the light of the fiberoptic in its lumen (left) and after in- 
flation with 1 mL of water (right). The metal stylette that stiffens the catheter for the insertion is 
shown above. The balloon is inflated through the valve below. 


For breaks in bullous detachments the 
buckle may be difficult to discern until 
some hours have passed, and the 
buckle is higher. Deflating and rein- 
flating the balloon while observing the 
fundus sometimes helps to ascertain 
its position, but it consumes additional 
operating time. Correct placement is 
easier for surgeons familiar with 
nondrainage techniques. Even the 
most experienced retinal surgeon, 
however, misplaces the balloon 2% of 
the time.’ To make the balloon buckle 
more discernible at the time of inser- 
tion, a third-generation balloon cathe- 
ter has been developed. It allows a fi- 
beroptic stylette to enter the balloon 
and illuminate it when it is expanded. 


MATERIALS AND METHODS 


The balloon is constructed around the end 
of the catheter. A separate smaller tube 
connects to the balloon and is used to inflate 
it (Fig 1). The diameter of the combination 
is 1.9 mm, 0.6 mm larger than the single lu- 
men catheter now in use. The fiberoptic is 
derived from the 20-gauge plastic-covered 
fiberoptic in the vitrectomy set. The metal- 
covered end is cut away and the plastic 
cover peeled back 15 cm. The bare fiberoptic 
fits the lumen of the catheter. The glowing 
tip can be monitored, with the ophthalmo- 
scope set at dim or off, as it passes through 
the catheter to the balloon. Inside the bal- 
loon the glow of the fiberoptic outlines the 
shape of the balloon, making it possible to 
confirm with some certainty whether the 
balloon is beneath the break or needs to be 
relocated (Fig 2). 


COMMENT 


The third-generation balloon with 
the fiberoptic stylette has been under 
clinical trial for 8 months. It has facil- 





Fig 2.—Drawing of sagittal section of an eye 
with a retinal detachment and with the fiberop- 
tic balloon expanded. The glow of the fiberop- 
tic can be seen intraocularly and confirms that 
the balloon is beneath the retinal break. 


itated correct placement in each of the 
24 retinal operations in which it has 
been employed. 


This study was supported by the Edward Gray- 
son Fund, West Orange, NJ, and a contribution 
from Marlene Schiff. 

The senior author (Dr Lincoff) holds a patent 
and receives a royalty on the sale of balloon cath- 
eters. 


Re*erences 


1. Lincoff H, Kreissig I, Hahn YS. A temporary 
balloon buckle for the treatment of small retinal 
detachments. Ophthalmolegy. 1979;86:586-592. 

2. Kreissig I, Failer J, Lineoff H, Ferrari F. Re- 
sults of a temporary balloon buckle in the treat- 
ment of 500 retinal detachments and a compari- 
son with pneumatic retinopexy. Am J Ophthalmol. 
1989;107:381-389. 
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PAN AMERICAN ASSOCIATION OF OPHTHALMOLOGY 
PRESENTS THE 
THIRD NORTH AMERICAN COURSE 
MAY 24-27, 1990 
ORLANDO, FLORIDA 


TOPICS MODERATORS 






Pediatric Ophthalmology Marshall Parks, M.D. 

Neuro-Ophthalmology Alfredo Sadun, M.D., Ph.D. 

Cornea L. Michael Cobo, M.D. 

Gaucoma Richard Simmons, M.D.—-Richard Parrish, M.D. 
Cataract Walter Stark, M.D.—Juan Batlle, M.D. 

Retina Hilel Lewis, M.D.—Mark Blumenkranz, M.D. 


Gary Abrams, M.D.—Bradley Straatsma, M.D. 
Don H. Nicholson, M.D.—Stanley Chang, M.D. 
Piastics David Tse, M.D. 


PROGRAM DIRECTOR 
Eduardo Alfonso, M.D. 


rogram is designed to enhance and review clinical knowledge in ni R L y provi gay 
lay sy mposia. Approximately 50 national and international speakers will review an ay 

-es in their areas of clinical expertise. Registration fee includes all lectures, cour 

e breaks ang reception. Special rates have been obtained at the Hyatt Regency-Gr ve 









si sity: a Miami School of Medicine designates this continuing medical education activity fo 
} credit hours in Category 1 of the Physician's Recognition Award of the American Me 





formation please contact: Bascom Palmer Eye Institute, P.O. Box 01 5869 9,1 liar 
adil aided 326-6039. | 
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| grants are available for doctors in training, too! WE 
) SEE MEDICINE TURN BACK TO RIGHTEOUSNESS! 



























| -IRST AND THEN COME AND HELP US !! 


UT: Dr. Walter J. Paschal 
i 1424 East Front Street anh 
Tyler, Texas 75702 o 
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The 1980 Neuro-Cphthalmol Course At: Miami 
Da 2/6/30 to. 12/8/90 Reg Fee: $325 for 
w Fesidents Sponsor: The Bascom 
net/Univ of Miami Sch of Med 
i oa eee Course, Bascom 
Inst, , PO Box 016850, Miami, FL 


rth AneCourse of the Pan-American Assn 

hihsimol at: Orlando Dates: 5/24/90 to 

4) Cortact: Pan American Course, PO 
30 125869, Samni, FL 33101; (805) 326-6099 


Sportsvision ‘90 World Congress At: Orlando 

“Dates: 6/3/90 to 6/12/90 Contact: National 
“Academy of sports Vision, 200 8 Progress Ave, 
ce Harrisburg, PA 17109; (717) 652-8080 


an Meeting of the Christian Ophthalmol 
wola Dates: 6/21/90 to 
ae Dr Walter J. Paschall, 1424 E 

; TX 75702 


ILLINOIS 


mot Beview Course At: Chicago (4/ 

4, San Francisco (5/5/90 to 5/ 

ad 216/90 to 11/13/90) Reg Fee: 6-day 

ger $690, physicians, $460, residents; extra 

“giock orals day, $50 Contact: Joseph H. Sellik- 

an, Jr, MD. “The Osler Institute, 1094 Dawn 

obi PO Box 2228, Terre Haute, IN 47802; (800) 
Sat “T9387 or inia 299-5658 


2nd Aan Ciin Cont At: Chicago Dates 5/24/90 to 
3425/90 Reg Fee: nonmembers, $300 ($175 for 1 
eS ay), members, 3200 (3150 for 1 day), residents, 
af ste ari oif ica staff program, $50 Sponsor: Chi- 

err ‘thalmelogical Soc Contact: Julie 
tea a iret oe ae 515 N 


_ MASSACHUSETTS 


innovations and Controversies in Cataract Surg: 
Phacoemulsification, Small Incision and Multi- 
focal 1OLs, & Special Techniques -Lectures 
and Wet Lab At: Boston Dates: 6/2/90 to 6/3/90 
Contact: Ophthalmie Educ, Massachusetts Eye 
& Ear Infirmary, 243 Charles St, Boston, MA 
02114; (617) 573-3526 


MICHIGAN 


62nd Ann Ophthalmol Spring Postgrad Conf: Re- 
cent Advances in Eye Plastic and Orbital Surg 
At: Ann Arbor Dates: 5/18/90 to 5/19/90 Spon- 
sor: Univ of Michigan Med Sch, Dept of Oph- 
thaimol Contact: Betty Phillips, Prem Asst, 
Office of CME, G-1100 Towsley Ctr, PO Box 
0201, Univ of Michigan Med Sch, Ann Arbor, MI 
48109-0201; (313) 763-1400 


Henry Ford Hosp, Dept of Ophthalmol 13th Ann 
Alumni Mtg At: Detroit Dates: 6/1/90 to 6/2/90 
Reg Fee: $165 Contact: David D. Bogorad, MD, 
or Leslie J. Fisher, PhD, Prem Dir, Ophthalmol! 
Dept, Henry Ford Hosp, Detroit, MI 48202: (313) 
876-324] 


MISSOURI 


Excimer Laser Course, Refractive and Therapeu- 
tic At: Kansas City Dates: 6/15/90 to 6/16/90 
Reg Fee: $900, Didactic and Wet Lab Sponsor: 
Dept of Ophthalmol, Univ of Missouri-Kansas 
City Sch of Med Contact: John W. Irvine, MD, 
Eve Found of Kansas City, 2806 Holmes, Kan- 
sas Citv, MO 64108; (816) 881-6150 


Third Ann Contact Lens Course At: St Louis 
Dates: 6/1/90 to 6/2/90 Sponsor: Washington 
University Sch of Med, Dept of Ophthalmol 


Contact: Office of CMI 
362-6893 (Missouri: 


NEW JERSEY a 


Sys At: ad Ci iy k jaian: 5/1/90. 
Hrs Instr: 15 io fa 75, $215 for 


sey Cana Patrai a] 

UMDNJ-New Jersey jed 1001, 1 
Orange Ave, Newark, NJ 07103- 215 (201 
4267 


Corneal Assoc of NJ: Secend Ain co 
At: West Orange Date: 4/21/96 © 
bara Mysko, Conf Coorg, Corneal 
101 Old Short Hille Rd, Suite 520, W 
NJ 07052; (201) 736-1313 


NEW YORK | z 


Fourth Ann Residentand alumni Co 
Dates: 6/7/90 to 69/98 Sponso 
versity of New Yor at Buffalo, Se 
Biomed Sci, Dept of Ophthalmol ¢ 
at Buffalo, Dept of Ophthalmo 
Med Ctr, 462 Grider St, eats ‘ 
898-3316 


A Clin Day in Ophthalmol: Ò 
Trauma At: Garden City De 
instr: 7 Reg Fee: $50: 275, re 
Sponsors: Depts ef Ophthalm: 
Jewish Med Ctr & Nerth Shore 
Cornell Univ Med Ctr Contact: Ay 
CMP, Assoe Dir for Gant Educ, 
Jewish Med Ctr, Rew Hyde Park 
(718) 470-8650 . 


University of Wisconsin 


Current Concepts in Ophthalmology + Seminar '90 
May 10-12, 1990 * Concourse Hotel e Madison, Wisconsin 


A Full-Day Sy mposium on 
Pediatric Ophthalmology 


Guest Lecturers: 
John D. Baker, MD, Wayne State-Kresge Eye Institute 
Edward G. Buckley, MD, Duke Eye Center Do 
Eugene M. Helveston, MD, Indiana Univer sity Medical Center 
Cannel A. Puliafito. MD, Harvard Medical School a 
Narsing A. Rao, MD, University of Southern California 

17 hours AMA Category Í credits 


Thursday, May 10: 


Second Annual Ophthalmic Assistant Educational Program oS 
Addressing Challenging Problems in Patient Care oe 


or i iher information on either program, please contact: 
Cathy Means, University of Wisconsin CME, 2715 Marshall Ct., Madison, WI 4 


Focus: The Child 


JCAHPO Credits Pending 


3705, 608/263-6637 
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‘Vitrectomy in Anterior and Posterior Segment 
= Surg At New York Date: 4/21/90 Contact: 
David B. Karlin, MD, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 888-9200, ext 2776 


- Sigmund Schutz Professorship— Visiting Pro- 

o fessor—Frederick Jakobiec, MD At: New 
C Fork Dates: 4/26/90 to 4/28/90 Contact: Fran- 
<- Cine Leinhardt, Course Coord, Manhattan Eye, 
~~ Ear, & Throat Hosp, 210 E 64th St, New York, 
NY 10021; (212) 838-9200 ext 2776 





Pediatric Ophthalmol and Strabismus Update 
1990 At: New York Date: 5/5/90 Sponsor: 
Manhattan Eye, Ear & Throat Hosp Contact: 
Francine Leinhardt, Course Coord, Manhattan 
Eye, Ear & Throat Hosp, 210 E 64th St, New 
York, NY 10021; (212) 838-9200, ext 2776 
Pediatric Ophthalmol Symp At: New York Date 
| 6/5/90 Contact: Francine Leinhardt, Course 
> Coord, Manhattan Eye, Ear, & Throat Hosp, 210 
-E 64th St, New York, NY 10021; (212) 838-9200, 
ext 2776 
‘Current Management of External Disease Prob- 
lems At: New York Date: 5/12/90 Contact: 
- Francine Leinhardt, Course Coord, Manhattan 
¿o Eye, Ear & Throat Hosp, 210 E 64th St, New 
R York, NY 10021; (212) 8538-9200, ext 2776 


‘External Dis Symp At: New York Date: 5/12/90 
Contact: Francine Leinhardt, Course Coord, 
*- Manhattan Eye, Ear & Throat Hosp, 210 E 64th 
~ St, New York, NY 10021; (212) 838-9200, ext 2776 


Diagnostic imaging of the Eye and Orbit: Ultra- 


sound, CT, & MRI At: New York Dates: 6/1/90 
i 6/2/90 Contact: Suzanne Woods, RN, Dept of 


Course to include 

a comprehensive review 
of our local experience 
as part of the 
multi-center study on 
refractive and 
therapeutic corneal 
ablation, a wet lab, 

and post op 

patient review. 





St, New York, NY 10021; (212) 746-2504 


The Masters of Cataract Surg At: New York 


Dates: 6/8/90 to 6/9/90 Sponsor: Dept of Oph- 
thalmol, Manhattan Eye, Ear & Throat Hosp 
Contact: Francine Leinhardt, Course Coord, 
Manhattan Eye, Ear & Throat Hosp, 210 E 64th 
St, New York, NY 10020; (212) 838-9200, ext 2776 


Therapeutic Ultrasound for Glaucoma At: New 
York Date: 6/16/90 Contact: Suzanne Woods, 
Dept of Ophthalmol, Cornell Univ Med College, 
525 E 68th St, New York, NY 10021; (212) 746- 
2504 or Sonocare Inc, 21 Industrial Ave, Upper 
Saddle River, NJ 07458; (201) 825-7550 


Ophthalmol Enters the 90s At: Vadhalla Date: 6/ 
2/9) Reg Fee: $125, attending physicians; $35, 
residents & fellows Contact: Dept of Ophthal- 
mol, Camille Damiano, Westchester County 
Med Ctr, Valhalla, NY 10595; (914) 285-7671 


NORTH CAROLINA 


The Duke Adv Vitreous Surg Course At: Durham 
Dates: 4/19/90 to 4/21/90 Sponsor: Dept of 
Ophthalmol, Duke University Med Ctr Contact: 
George Andrews, PO Box 3802, Durham, NC 
27710; (919) 684-6743 


OHIO 


19th Ann Ophthalmol Symp At: Cleveland Dates: 
6/1/90 to 6/2/90 Sponsor: The Cleveland Clinic 
Found Contact: The Cleveland Clin Edue 
Found, Dept of Cont Edue, 9500 Euclid Ave, 
Room TT-31, Cleveland, OH 44195-5241: (S00) 
762-8173 (outside Ohio}, (800) 762-8172 (Ohio), 
444-5690 (local) 


Ophthalmol, Cornell Univ Med Coll, 525 F 68th _ 








OREGON 
New Techniques in Small incision Cataract Surg 
At: Ashland Dates: 5/11/90 to 5/18/90 Contact: 


Oregon Eye Inst, 1550 Oak St, Eugene, OR 
97401; (503) 484-3937 


Thorny Issues in Cataract Surg At: Portland 
Dates: 6/14/90 to 6/15/90 Reg Fee: $300 if paid 
by June 1, $325 thereafter (prac physicians); 
$110if paid by June 1, $125 thereafter (residents 
with qualifying letter from dept head) Contact: 
Dorothy Spier, Conf Coord, Devers Eye Inst, 
1040 NW 22nd Ave, Portland, OR 97210-3065; 
(503) 229-7601 or 1-800-433-3122 


PENNSYLVANIA 


Adier Lecture—Eye Movement and Disorders 
At: Philadeiphia Date 4/26/90 Hrs instr: 2 Reg 
Fee: $55 Sponsor: Scheie Eye Inst Contact: 
Mary Martino, Coord, CME, Scheie Eye Inst, 51 
N 39th St, Philadelphia, PA 19104; (215) 662- 
$119 


Ann Mtg—Neuro-Ophthalmol Symp At: Philadel- 
phia Date: 4/27/90 Reg Fee: $125 Sponsor: 
Scheie Eve Inst Contact: Mary Martino, Coord, 
CME, Scheie Eye Inst, 51 N 39th St, Philadel- 
phia, PA 19104; (215) 662-8119 


Glaucoma Symp At: Philadelphia Date: 5/19/90 
Hrs instr: 3 Reg Fee: rone Sponsor: Scheie Eye 
Inst Contact: Mary Martino, Coord, CME, 
Scheie Eye Inst, 51 N 39th St, Philadelphia, PA 
19104; (215) 662-8119 


Adv Orbital Surg: Techniques and Prac Experi- 
ence At: Pittsburgh Dates: 4/20/90 to 4/21/90 
Hrs instr: 12 Reg Fee: $950 Contact: CME, Al- 


(Continued on p 614.) 
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DATES: June 15, 16, 1990 
September 7, 8, 1990 
COURSE 
DIRECTORS: Dr. Larry Piebenga, Kansas City, Missouri 


Dr. Michael Deitz, Kansas City, Missouri 


VISITING FACULTY: Dr. Marguerite McDonald, New Orleans, Louisiana 
Dr. Charles Munnerlyn, Sunnyvale, California 
Dr. Steven Trokel, New York City, New York 


REGISTRATION FEE: $900.00. The limited roster will be filled in order 
of receipt of registration fee. Cancellation penaity 
in effect beginning 14 days prior to course starting date. 


INFORMATION: 


John W. irvine, M.D., Medical Director 


Eye Foundation of Kansas City 


2300 Holmes 


Kansas City, Missouri 64108 


(816) 881-6150 
CREDIT: 





CME category one credits 


OM PALMER EYE INSTITUTE / UNIVERSITY 
SCHOOL OF MEDICINE INVITES YOU TO 


3 ATON ROYAL BISCAYNE HOTEL, KEY BISCAYNE, MIAMI, FLO 
DEC. 6-8, 1990 


he following outstanding speakers will present the latest clinical 
ion on: LYME DISEASE, AIDS, OCULAR SYPHILIS; NEUROIMAGIB 
VE DISEASE UPDATE; and much more! 


r. Joseph Berger 

r. Wiliam W. Culbertson 
r. Bradley K. Farris 
r. Steve Galetta 

r. J. Donald M. Gass 
r 

r 

r 

r 


. Joel S. Glaser 

. Thomas Naidich 

. Eeva Nikoskelainen 

. Andrew Pachner 

me. A. Paris-Hamelin 

r. Richard K. Porschen 

r. Norman J. Schatz 

r. J. Lawton Smith 

r. Robert Tomsak 

istration is $325 for practitioners and $100 for residents. 

O-OPHTHALMOLOGY COURSE, Bascom Palmer Eye In 
PO Box 016880, MIAMI, FL 33101. 
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legheny. Gen Hosp, 320 E North Ave, “Pitts: 
} burgh, PA 15212-9986; (412) 359-4952 






TEXAS 


: Finn: Ani: Natt Eye Trauma Symp At: Dallus Dates: 
< 4719790 to.4/21/90 Reg Fee: $350 Sponsors: 
-0o The Univ of Texas Southwestern Med Ctr at 

~ Dallas and The Nati Eye Trauma System Con- 
; Blea r Goldsmith, Dept of Ophthalmol, 
ref Texas Southwestern Med Ctr, 5323 
irry Hines Blvd, Dallas, TX 75235-9057; (214) 



















Gy Argon Workshop for Ophthalmologists At: 
Dallas. Date: 5/18/90 Contact: Sindi Sonnier, 

esbyterian Healthcare System/CME, 8200 
Walnut Hill Lane, Dallas, TX 75281, (214) 696- 
458 
























VIRGINIA 


Mtg of the Virginia Soc of Ophthalmol! At: 
rfolk Dates: 6/22/90 to 6/24/90 Contact: 
Jonna Scott, 4205 Dover Rd, Richmond, VA 
Bec a (804) 353-2721 


WASHINGTON 


mni. Day At: “Seattle Date: 6/2/90 Reg 
Hrs: instr: 7 Contact: University of 
shingtori (RJ-10), Dept of: Ophthalmol, Se- 
e. WA 98 195; (206) 543-3883 





WASHINGTON, DC 


sted F Perimetry: A Comprehensive Course 
@ Clinician and Technician At: Washing- 


-oton Dates: 4/21/90 to 4/28/90 Hrs Ins 


Sponsor: Washington Natl Eye Ctr and the ~ 
Dept of Ophthalmol, Washington Hosp Ctr 


Contact: Penelope A. Helfgott, WNEC, Suite 
6B-13, 110 Irving St, NW, Washington, DC 
20010; (202) 877-6982 


11th Ann Review Course and Cont Educ Prgm for 
Ophthalmic Med Personnel At: Washington 
Dates: 5/17/96 to 5/19/90 Contact: Phyllis’ L. 
Fineberg, COMT, Ctr for Sight, 3800 Reservoir 
Rd NW, Washington, DC 20007; (202) 687-462 


WEST VIRGINIA 


43rd Ann Nat! Spring Mtg— The West Virginia 
Acad of Ophthalmol At: White Sulphur Springs 
Dates: 4/22/90 to 4/25/90 Contact: Patricia 
Schumann, Conf Coord, West Virginia Aead- 
emy of Ophthalmol, PO Box 6302, Health Sci 
Ctr Nerth, Morgantown, WV 26506; (304) 298- 
3757 


WISCONSIN 


Current Concepts in Ophthalmol At: Madison 
Dates: 5/10/90 to 5/12/90 Hrs Instr: 17 (Full- 
Day Symposium on Pediatrie Ophthalmol) 
Contact: Cathy Means, University of Wisconsin 
CME, 2715 Marshall Ct, Madison, WI 53705: 
(608) 263-6637 


FOREIGN 


Canadian Impiant Assn 16th Ann Mtg At: Mon- 
treal Dates: 6/15/90 to 6/17/90 Reg Fee: $175, 
physicians ($225 after 5/15/90), $125, senior 
ophthalmologists (over 65 years of age); $50, 
operating department nurses/technicians; $25, 













Moaea Canad. H3T Ys. (514) 735- 1133 


Eighth Internat! Contact Lens & Anterior Sege . 
ment Conf At: Toronto, Ontario, Canada Dates: 
5/25/90 to 5/27/90 Contact: Harold A. Stein, 
MD, 40 Prince Arthur Ave, Toronto, Ontario, 
Canada, M5R 1A9; (416) 966-3336 


Third Ann Mtg of the Panhellenic Ophthalmolog- 
ical Soc At: Thessaloriki, Greece Date: 5/30/90 
Topics: trauma, refractive surg, contact lenses, 
neuro-ophthalmol Contact: Panhellenic Oph- 
thalmological Soc, Univ Eye Clin, AHEPA 
Hosp, Thessaloniki, Greece 


23th Panhellenic Cong of Ophthalmol At: Thies. 
saloniki, Greece, Dates: 5/31/90 to 6/3/90 Töp- — 
ics: Jow-vision aids, refractive surg, cataract 
and glaucoma Contact: Simeon Lake, MD, PO 
Box 10497, 54110 Thessaloniki, Greece 


Glaucoma Convention At: Madras, India Dates: 
7/14/90 to 7/15/90 Contact: Chander Neroor, 
MD, Organizing Secretary, Glaucoma Conven- 
tion, Dr Agarwal's Eve Institute, 13 Cathedra! 
Rd, Madras 600 086, india 


The Ninth Internat! Perimetric Soc Mtg At: | 
Maimé, Sweden Dates: 6/17/50 to 6/20/90 Co 
tact: IXth Mtg Secretariat, Dept of Ophth 
mol, Univ of Lund, Malmö Gen Hosp, § 2 
Malmo, Sweden Ta 











Second Cong of the internati Soc 6 ot Ocule Tox: 
icology At: Deidesheim, West. Ger 
/20/90 to 5/24/90 Contact: Prof Dr C 
win, Dept of Experimental Ophthalmol, Uni of 
Bonn, Sigmund-Freud-Strasse 25, D-5300 Bonn: 
1, West Germany eS 
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~ Doueny EYE INSTITUTE 
Presents 


Guest Faculty: 


jour n Accreditation: 
14 hours CAT I CMA/AMA 





8:00am. - - 5:00 p.m. 





Registration: 









. DI ABETES AND THE EYE 
22nd Annual Doheny Meeting 


i ni and Friday, September 27, 28, 1990 


Ronald E. Smith M.D. 






Frederick A. Jakobiec, M.D., Boston, MA 
Allan E. Kreiger, M.D., Los Angeles, CA 
Simmons Lessell, M.D., Boston, MA 
Arnall Patz, M.D., Baltimore, MD 


Limited Enrollment 


































DEPARTMENT OF OPHTHALMOLOGY 
Announces its 
13th Annual Alumni Meeting 
June 1-2, 1990 
Friday. 8:00 a.m. - 5:00 p.m. 


RESEARCH & CLINICAL PRESENTATIONS 
Saturday, 9:00 a.m. - 
A SYMPOSIUM 


NEURO-OPHTHALMOLOGY FOR THE 
NINETIES: WHENCE AND WHITHER 





12 Noon 





Featuring 


| 

| Neil R. Miller, M.D. 

Frank B. Walsh Professor of Neuro- -ophthalmology 

| and Professor of Ophthalmology. Neurology and Neurosurgery 
Wilmer Ophthalmological Institute 

| Johns Hopkins University School of Madicine 

f 
| 


as the Jack S. Guyton Lecturer 








> Practicing Physicians $375 
: USC Active. Voluntary Faculty $187 
- Retired. Phy sicians $100 
|} Allied Health Personnel $100 
` Oph thalmology Residents & Fellows $100 












i a Angeles, CA 90033 | 






Information: Location: ss 
. Dave Carpenter, Director CME Doheny Eye | Institute = | 
213/224-5580 1355 San Pablo Street ` 


Seema a ere nnkan eaa Ah rA AAAA AA eT a: 





Registration fee of $165.00 includes 
Meetings at HFH-&- Banquet at the Renaissance Center 


Approved for Cat, 1 CME Credit 







r aration Sontapt 





Henry Ford Hospital, Detroit, M 48202 
| 13) 876- 3241 






CANADIAN IMPLANT ASSOCIATION 


SIXTEENTH ANNUAL MEETING 
DELTA HOTEL, MONTREAL 
June 15,16,17 1990 


THEMES | FEES 
Hicaiion of new techniogy In clinical practice 









































pi [ ] Physicians 
Cataract and Implant Surgery [ ] After May 15, 1990 
: Paoto and Surgical Refractive Surgery [ ] Senior Ophthalmologists (over 65 yrs.) 
Multifocal and Foldable Lens Implant Symposium { ] Capsulorhexis Phako/Soft Implant Wet Latr 
[ ] Orbit Disection Course 
[ } Intercapsula America 
INVITED SPEAKERS { ] International Contact Lens Symposium 
pr Walter Star, Baltimore Dr. Albert Galand, Liège [ ]} O.R. Nurses / Technicians 
. day Patel, Los Angeles Dr. Jean Paul Demers, Montreal [ ] Students . i ; 
Aziz Anis, Nebraska Dr. David Nicolle, Montreal R 
oe us De: Philipe Bourn, Paris Assume confirmation with your canceled meque. 
' i l Official recept issued at meeting. Category ` oe me w 
Dr. Bruce Lennox, St. Catherines | 
ae Dr. Calvin Breslin, Toronto SYMPOSIUM REGISTRATION FORM | 
ae Dr. Gilles Marcil, Montreal gee 
corn, Toronto Dr. Jacques Gregoire, Sherbrooke Return this form with cheque payabie to the “Canadias Implant Associat ior 
j ale patie Dr. Jean Pierre Chartrand, Montreal Dr. Marvin L. Kwitko, Program Chairman 
k dackson, Montreal Dr. Marvin Kwitko, Montreal 5591 Côte des Neiges Road, Suite #1 
nour Brownstein, Montreal Dr, Steve Arshinoff, Toronto Montreal, Canada H3T 1Y8 
Armett, London Dr. Dan Lebuisson, Paris Tel.: (514) 735-1133 — Fax: (S10) 731 -0651 












Name Specialty 


‘gion foldabi | Address City | 
i lačuropa & America. (Dr. Aziz Anis, Dr. Albert Galand) State Zip or Postal Code 









SPECIAL PROGRAMS 















‘Vit trectomy in Anterior and 
| Posterior Segment Surgery 
State University of New York at Buffalo. 
School of Medicine and Biomedical Scie 
Department of Opiikaimee 7 



















presents 








Featuring Oculoplastics for the Practicing Physicia bo 
Phacoemulsification, and Selected Research Topics 






April 21, 1990 
Manhattan Eye, Ear and Throat Hopital 
New York, NY 






(Mit Topics for this course include: Physiology and 
the Vitreous and Retina, Pre-Operative Macula Assessment, 
t Techniques in Evaluating Intraocular Foreign Bodies, 
3 Anterior Segment Reconstruction, Yag Laser for Lens 
s anid ME, Vitrectomy in Endophthalmitis, Pars Plana Lensec- 
le f Vitrectomy in Corneal Disease and Surgery, Evolution of 
meats titu a Management of ake Sana ble ny 








J.R. Boynton, MD - Rochester, NY 
J.A. Burns, MD - Columbus, OH 
P.F. Garber, MD - Manhasset, NY 
A. Gruber, MD - Rochester, NY 
C. Leone, Jr, MD - San Artomo, TX > 
IR. Rathbun, MD - San Francisco, CA 
H. Ripps, PhD - Chicago, TL 





i ere Kee napay, Pen oher: PV R Onea 
-New Laser Techniques in Vitrectomy, Retinopathy of 
ssterior Segment Complications of Vitrectonty. 


: E COORDINATOR: David B. Karlin, M.D. 
LECT For further information, contact: 


oe 


: CIPA: STS: Drs Sandra Belmont, Scott t Brodie, Frederic 

















University at Buffalo 
Department of Ophthalmology 
Erie County Medical Center 
462 Grider Street 
Buffalo, NY 14215 
(716) 898-3316 







WSTRATION CME CATEGORY LACCREDITATION 
tian Contact: Francine Leinhardt, Course Coordinator 
‘Manhattan Eye, Ear and Throat Hospital 


710 East 64th Street, NYC, NY 10021 
9200 ext. 2776 FAX (212) 832-9126 









212) 838 













The Opht ! almology ‘Review © Course 
Jn April 13-18, 1990 — Chicago 
May 5-10 and November 8-13, 1990 — San Francisco 


Now, your comprehensive review just before written and oral exams 


OBJECTIVES METHODS 

Improve basic and clinical knowledge in ophthalmology e HOME STUDY assignments with questions and answers 
Assist residents and fellows to study efficiently e SEMINAR with projection-slide lecture and syllabus 

jare candidates to take their board examinations e PRACTICE EXAMS with oral and written parts 











Was outstanding. The most pleasant thing was learning a tremendous amount, | "Accommodations were comfortable...."* - 
om world-famous authorities but from people who are relatively unknown as well."* T 





_ GOALS AND LOCATION: The ci 
TOPICS FACULTY _ held the week before written an 


Ocular Surface David Bardenstein, M.D. exams. Home study questions will sen 























. Tare aliara t before the course. Your best value isto 
External Disease eigenen S repeat the seminar for half price the week - 
Cornea ae before both written and oral exams. 
Conjunctiva San Jose, California + To d facul > a 
l pics and faculty are upgraded for each 
Sclera Devron H. Char, M.D. course. The April meeting will be atthe — 
; | U. of Calif., San Francisco t | Hilton Inn, 3003 Corporate West Driv 
Anter ior Segment Robert Feder, M.D. Lisle, Illinios 60532. The rates will be $76 
Anterior Angle Northwestern University $ per single and $99 per twin or double. 
o o Geoffrey Gladstone, M.D. |, i hose ire = 
ns Wm. Beaumont Hospital ¢ ERREI tte EMAS, 
pues Emery University f | LOWEST AIRFARES: Please call toll- 
Orbit and Adnexa Be au free 1-800-548-8185 and identify yourself 
; David Guyton, M.D. with this Osler course. 
Or bit Johns Hopkins University t 
Eyelids Joel Miller, M.D. "remarkably complete and pleasant"* 
Lacrimal System = Wayne State University ¢ | PEN m 
Plastic Surgery Thomas Mizen, M.D. | PLACEMENT SERVICE: For practice ~ 
Medical Problems Rush Medical College ł opportunities write or call 1- POOS é 
Immunology Matthew Rabinowicz, M.D. | . she most education for the money."* ae 
Endocrinology Wayne State University ¢ 
Systemic Diseases Jonathan Rubenstein, M.D. FEES AND HOURS: o 
imer aaa Rush Medical College ł ə Physician or Resident: Phy. Res. ‘Hrs. 
rg Jon Ruderman, M.D. e Six day course: $690 $460 60 
Ophthalmic Pathology Northwestern University | eExtra mock orals day: $50 $50 4 
Adnexa and Orbit Kenneth Simons, M.D. — e Repeating course within 2 yrs.: half price 
External Eye Med. College of Wisconsin ł e Add 10% within 10 days of the course. 
Anterior Segment baie aaa M.D. : e Attendees not in course hotel add $11/day. 
Posterior men niversity of Wisconsin eee ee 
Sore Rosa Tang, M.D. ides a e lodging or ces ; 
Other Activities U. of Tx Med. Sch, Houstont | *^ deposit of $50 will reserve your position. 
"ici Pathology Laboratory Howard Tessler, M.D. | *Most home study materials will be mailed 
‘tal Disorders Written Exam Univ. of Illinois, Chicagot ¢ | afer half of the registration fee is received. — 
e Disorders Exam Review f Apri Course in Chicago "home study material was earemely helpful” 
La i ay Course in San Francisco 
ra aa prusnnenenoununsusnennesenennas REFUNDS: Subject to a $50 fee, refunds _ 












will be made up until the seminar begin: 
e Cancellation after mailing home stud 
material requires retention of half the fee 


Te "I feel [the course] helped me pass na 
a City/State/Zip 
- Phone 


INFORMATION: 






: | pang Joseph H. Selliken, Jr., M.D. 
3 : S For (J April 13-18, 1990 — "Chicas oo The Osler Institute 
+ Mail today to: [C] May 5-10, 1990~San Francisco. } 1094 Dawn Lane, P.O. Box 2218 
E 1094 Dawn Lane, Dept 12-04 a L] Nov. 8-13, 1990 ~San Francisco _ Terre Haute, IN 47802 


(800) 356-7537 or (812) 299-5658 


P.O. Box 2218 | [1 Check is enclosed for $ ew | 
| “+ Comments by past Oster paricipans 


Terre Haute, IN 47802 ey Please send more information. 


pee ne ee Cen e Ce w =o we CE Delt tal 


AKER HRTD AREER HRT E HR EKRE Re  e 















Box 








© CLASSIFIED 
INFORMATION 


ular Classified 1 Time 3 Times 
or more” 
stper word $ 95 $ .85 
imum 20 words. per issue 


arni the thige-time rate, your ad must be placed 
at ihe sarme timè for three or more issues. 






Two initials are considered 
eviation is considered 
es consisting of a dollar 
rals or less are considered 
‘and states consisting of two 
ore are counted as one word: i.e., 
k“ and Salt Lake City.” Zip code is 
red ore word and must appear in all 
Teiephome number with area code is 
ms tered ore word. When box numbers are 
























ac for replies, the words “Box C/O 
“are to be counted as three words. 
sified Display 1 Time 3 Times 

$630 $580 
539 496 
476 438 
378 348 
252 232 
55 50 


ad:.one column inch 
awe | ible on request. 


: rodwction Charge: The publication 
ub-set advertisements upon request. 
ipesetting fee is 10% of the one-time ad 
hown above. Special requests will be 
the advertiser and/cr agency at the 
availing rates. 


service 
ible for all ads. The cost is $10.00 for the 
sue only. knpo to your ad will be 


ali copy, correspondence, production 
“mæerials and payments to: 





Classified Department 
Box 1510, Clearwater, Florida 34617 
s stancewith your ad schedule call toll free: 


- National 800-237-9851 
Y ida 800-553-8288 O Local 813-443-7666 





Ail classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510. 
Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Loca! 813-443-7666. Please do | - 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes neediess delay. 


inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
, C/O AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their. 
mail sent in care of Archives of Ophthalmology. 





WISCONSIN — The Ashland Eye Clinic, S.C. a 
prosperous, long established practice located in 
Ashiand, Wisconsin on Lake Superior, needs one 
BC/BE ophthalmologist now and another within 2-3 
years. Competitive salary plus incentive first year, 
then negotiable buy-in as present two partners wish 
to retire within five years. Clinic building is attrac- 
tive, modern, spacious and fully equipped, with new 
physician-owned optical, well trained staff and low 
overhead. Four-year college and vocational college 
in Ashland, with graduate programs within commut- 
ing distance. Modern, 100-bed hospital with 37 phy- 
sicians on staff. Great fishing, sailing, skiing, ski- 
flying and hunting, Please cali: Kenneth A. Morrow, 
MD (715) 682-8146; or John W. Doty, MD (715) 
682-9298, collect, evenings. Or write, enclosing CV: 
P.O. Box 233, Ashland, Wi 54806. 


GLAUCOMA SPECIALIST 


Ochsner Clinic seeks excellent subspecialty- 
trained ophthalmologist to assume an 
established glaucoma practice with affil- 
lated residency program. Starting salary 
commensurate with experience. Productiv- 


ity bonus, generous fringe benefits. Send 
CV to: Richard Hesse, MD, Chairman 
Department of Ophthalmology 
Ochsner Clinic 
1514 Jefferson Highway 
New Orleans, LA 70121 





RETINAL SPECIALIST —- Medical/surgical needed 
for large, weil established practice. ideal situation 
for surgeon with several years experience. Lovely 
community, conveniently located 1% hours from 
Philadelphia and New York City. Please send CV to: 
MD, Box 4172. Allentown, PA 18105. 


I creat ama gent cnaeieinerialarconinadoaieeieietdeemensiteeanimimmtemoremammenemmmmrtnteat eee ee nr 


PEDIATRIC OPHTHALMOLOGIST wanted to take 
over this summer in established position in busy, 
prosperous ophthalmology group practice in attrac- 
tive Los Angeles suburb. Ideal area for family living 
with year round recreation, excellent school system 
and cultural opportunities. Looking for long term 
relationship with mature, personable, intelligent, 
BC/BE, fellowship-trained individual. This is truly 
an exceptional opportunity. Please send CV to: 
Ciaremont Eye Associates, 655 East Foothill Boule- 
vard, Claremont, CA 91711. 


Join a rapidly growing, three-physician oph- 
thalmology practice, opening due to several 
retirements in this city. State-of-the-art equip- 
ment; income $250,000 - $300,000 in college 
town. Excellent referral base provided by 55- 


physician, multi-specialty group. Reply to: 
Pat Doyle, Cejka& Co. 
222 South Central, St. Louis, MO 63105 
(800) 365-2237 





CENTRAL FLORIDA — Glaucoma oculoplastic 
and retina surgeons and medical ophthalmologists. 
Group with subspecialties in cataract, vitreous ret- 
ina, neuro-ophthaimology and refractive surgery 
seeks energetic, personable, board-certified/ 
-eligible, fellowship-trained ophthalmologists to 
join progressive, dynamic practice. A large patient 
base and extensive referral network ensure a full 
surgery schedule and interesting pathology. 
Generous compensation and potential equity 
ownership. Year-round recreation in a university 
town. For more information, contact: Eileen Molyet, 
Administrator, (904) 734-4431, Neumann Eye Insti- 
tute, 801 North Stone Street, DeLand, FL 32720. 















MONTANA: Join existing practice expanding: 
three ophthalmologists. Excellent facilitie 
season mountains, lakes and pam recrea 




















growing practice. Start at $780K drt i 
State-of-the-art equipment. Good. 
Three hours from beaches, otal huñ 



























work up, refraction and contact Jéra 
beautiful Puget Sound with scen 
good schools, and unlimited cut 
Located one hour from Seattle. Sen 
ested in more time off for mi: 
contact: Knute Guidjorc, M 
SEMERO WA 98310. (206) 
















year established eye center. 
tioner. Established ophfhalrr 
for providing overflow, emerg ncie 
Experienced personnel available to. 
up problems and remainif wanted. Oc 
ible between June 1, 1990 and Janu. 
depending on mutual interests. An op 
establish your own practice in an establi 
with knowledgeable help: and minim: 
Southern California. Box #615, c/o AOP. 



























































BRITISH COLUMBIA, CANADA 
Ophthalmologist to serve northwest 
Chalienging and rewarding position. p 
church-university affiliated commun 
pital. Excellent oppcrtunity for devel 
of surgical, medical, research and.com 
interests. For further information 


PR Dr. Peter Newbery, MD- 
Director of United Church Health Se 
WRINCH MEMORIAL HOSPI 

Bag 100, Hazelton, B.C. VOJ TY: 
Telephone: (604) 842-5556 . 



































MEDICAL OPHTHALMOLOGIST — Excellent: 
opportunity to join a busy ophthalmology practi 
in San Antonio, Texas. Interested individuals should 
forward CV to: Box #613, c/o AOP. 





















VITREORETINAL SURGEON needed to join busy : 
medical and surgical retina:practice. Group hasin- ` 
office dye laser, B-Scaa, digital fluorescein: angio- 
graphy system, and YAG laser. Located in the heart 
of the Ozarks, drawing area is over 400,000. Vitreo- 
retinal fellowship required. Competitive salary and. 
benefits package, with early partnership. Send CV. {> 
to: Gary L. Mehlhorn, MD, 1865 South Fremont, | - 
Suite 2000, Springfielc, MO 65804: or call: (4 17} S 
887-1965, for more information. 











RESIDENCY TRAINED OPTOMETRIST — Seeks | 
affiliation with solo;group ophthalmological |. 





practice. Hospital based residency training with | 
excellent background in medical care of ocular. | 
pathology. pre- and post-operative care, fluorescein 
angiography. CT/MRI!. Available July 1990. For CV 
write: Box #615, c/o AQP. 
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Marshfield Clinic is seeking a gen- 
eral ophthalmologist with fellow- 
ship training In neuro-ophthalmol- 
ogy to join its nine member oph- 
thaimology department. Existing 
Staff includes one busy neuro-oph- 
thalmologist and specialists in ret- 
ina, cornea, glaucoma, and gen- 
eral ophthalmology. Marshfield 
__ Clinic is one of the nation's largest 

_multispecialty group practices, 
_with more than 300 physicians 
Serving Central and Northern 
=. Wisconsin, more than 55 subspe- 
© ialties, and an established re- 
-search foundation. Ample opportu- 
nity and support exists for clinical 
research. If interested, please call: 


oo. Collect at (715) 389-3225 
5 and ask for 
p Dan Jacobson, M.D. 










shfieldCinic 


ir ife. 


It’s our life’s work. 


If your mission in life is to prac- 
~ tice the ideals of medicine with- 
> out administrative demands, we 
invite your inquiry. 





















_ Group Health Plan in St. Louis is a 
= staff model HMO that promotes 
the ideals of private practice 
while freeing doctors from the 
financial baggage of the private 
practitioner. 


-< Group Health Plan isn't for every 
~ physician, Just for those few who 
~ want to practice medicine without 
= compromise. 

For an interview please talk with 
the Medical Recruiter at (314) 
993-5955. Or write Group Health 

- Plan, 11475 Olde Cabin Road, St. 


tunity employer. 


LALTH PLAN 


| | Neuro-Ophthalmologist 












Louis, Mo. 63141. An equal oppor- 
















| research activities is strongly encouraged. Inter- 
ested applicants should contact: Jeffrey B. Robin, 
MD, 1855 West Taylor Street, Chicago, IL 60612. Or 
call: (312) 996-8371. UIC is an AA/EOE. 





CORNEAL FELLOWSHIP — 1990. New York: Avail- 
able July 1990 for training in cornea refractive 
surgery and contact lenses with involvement in 
surgery and research. Reply with CV to: Or. Penny 
Asbell, Mt. Sinai School of Medicine, Box 1183, New 
York, NY 10029. (212) 241-7977. 











DOCTORS: Don't throw. your equipment away. We 
pay top dollar for your equipment. We buy, sell, 
service optical equipment. Write or call your list of 
inventory to: Belrose Refracting Equipment Com- 
pany, 3734 Oakton Street, Skokie, IL 60076-3444. 
(708) 675-2300. Established 1953. 
OPHTHALMIC EQUIPMENT — Like new, including 
office furniture for immediate sale. Doctor retiring 
due to health reasons. Equipment includes: Argon & 
Yag lasers; all Humphrey’s automated equipment 
including computer; Topcon, Fundus camera — two 
lanes of refraction; SL lamps and Keratometer. Call: 
Dr. Reddy (209) 383-2657. 









FACULTY POSITION 
OPEN 


Louisiana State University 
_ Medical Center-Shreveport 
Department of Ophthalmology 








The Department of Ophthaimology 
at Louisiana State University Medi- 
cal Center is seeking a full-time 
Chief of the Ophthaimology Resi- 
dency Service at the E.A. Conway 
Memorial Hospital in Monroe, 
Louisiana. 


This position is at the clinical assist- 
ant professor level or higher; salary 
is commensurate with training and 
experience. Subspecialty fellowship 
is not required. 


The Louisiana State University Medi- 
cal Center is an equal opportunity 
empioyer and affirmative action 
agency. Send CV and inquiries to: 


James P. Ganley, MD, Dr. P.H. 
Professor and Chairman 
Department of Ophthalmology 

Louisiana State University 
- Medica! Center 
P.O. Box 33932 


- Shreveport, LA 71130-3932 
(318) 674-5012 























: GLAUCOMA 


































OCULOPLASTIC 













_ Thriving, established Ohio 
practice consisting of four 
ophthalmologists and 
otolaryngologist is expanding 
to subspecialty care. 




























All in house equipment, 
including Yag and 
Argon/Krypten lasers. Strong 
referral base guarantees good 
income. Excellent benefits 
and easy practice buy-in to 
full partnership. 

























Applicants should be board- 
certified or -eligible with 

good surgical skills and. 
patient rapport. i 








Reply to: 
BOX #603, c/o AOP 














GLAUCOMA 
SPECIALIST 





Marshfield Clinic is seeking a fel- 
low trained glaucoma specialist 
to join its nine member ophthal- 
mology department. Existing 
Staff includes specialists in ret- 
ina, cornea, neuro-ophthalmol- 
ogy, and general ophthalmology. 
Marshfield Clinicis one of the na- 
tion's largest multispecialty group 
practices, with more than 300 
physicians serving Central and 
Northern Wisconsin. More than 
55 specialties and sudspecialties 
provide for a wide referral base. If 
interested, please call; 


Collect (715) 387-5236 
and ask fer 
Gary Pesicka, M.D. 


Marshfield Ciric 





















a: ss achusetts 


Pt jS i D OCTORAL 
F} E .LOWSHIPS 


Falae postresidency and PhD 
postdoctoral fellowships in the following 
yision research disciplines are offered at 
othe: Massachusetts Eye and Ear Infir- 
|} mary. Harvard Medical School, Boston. 


¢ GLAUCOMA 
* IMMUNOLOGY 
* PATHOLOGY 










Ri NAL PEOENERANLONS 


aia : usetis Eye and Ear In- 
an equal opportun ity employer 


Sead 















as spe 

tive action. pian to recruit women and 
other mincrities into this postdoctoral 
fellowship program in vision research, 
rested parties should contact: 


G: Stephen Foster, MD, Director 
os octoral Fellowship Training Grant 
. Department of Ophthalmology 
MASSACHUSETTS 
EYE AND EAR INFIRMARY 
243 Charles Street, Boston, MA 02114 











LSU 
EYE CENTER 
FACULTY POSITION AVAILABLE 


ASS 


















nterested applicants send 
curriculuna vitae and 
bibliography to: 


















Herbert E. Kaufman, MD 
LSU EYE CENTER 

2020 Graver Street, Suite B 
sew Oreans, LA 70112 


Si j} Medical Center is an 
gal laan e e a 











































































GLAUCOMA 
Full-time position for a glaucoma 
specialist, including patient care, 
surgery, research, and teaching 
assignments. 


Candidates must have a medical 
degree with specialty in ophthal- 
mology and board-certified or 
-eligible, at least one year of sub- 
specialty training in glaucoma. The 
individual will be expected to partic- 
ipate in NIH and pharmaceutical 
company supported clinical trials. 


Salary and rank commensurate with 
training and experience. Starting 
date will be July 1, 1990. Please for- 
ward letters of application and 
resume to: 


Jacob T. Wilensky, MD 
Acting Head 
Department of Ophthaimology 


UIC EYE CENTER (m/c 648) 


1855 West Taylor 
Chicago, IL 60612 


in order to receive full considera- 
tion, applicants should apply by 
May 1, 1990. The UIC is an AA/EOE. 


NEW BELROSE UNITS — Smoked grey with black 
tufted cushions — 3 arms, 3 wells, only $5,995. Used 
Tillyer trial sets, large size at $1.250 each — only 2 
left. Belrose Co., 3734 Oakton, Skokie, IL 60076. 
(708) 675-2300. 

DOCTORS IN YOUR SPECIALTY are the best 
market for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in 
an AMA specialty journal and reach your market. 
Call our “Classified Advertising” office tol! free: 
National (800) 237-9851; in Florida (800) 553-8288. 


FREE PRACTICE-BUILDING fact sheet, “How to 
Build Your Practice Without Advertising”. (800) 347- 
8172 (physicians only). 


SOUTHERN CALIFORNIA: Solo part-time practice 
in suburban community near Los Angeles. Gross 
$120,000 yearly. Affordable start-up with tremen- 
dous potential. Reply to: Box #612. c/o AOP. 


Sn nti evm mamerne manaa ama naaa sR Ef ee are ARRAN RR SS LL EEA EE E NANA SOAR PUSAN a a 


PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professional 
help in buying or selling. National Medical Alliance, 
Inc., 8136 Old Keene Mill Road, Suite 208B, Spring- 
field, VA 22150. (703) 866-5908 or (800) 331-1986. 


SR terrane ane 8 taata dai YC a et rH AVN DUI BA LLL pe PAW IRANI AAA Aa A ei ea 


SELLING YOUR PRACTICE? The AMA journal in 


your specialty is your best place to. advertise. Now | 


available are very affordable ads that are perfect for 
finding a buyer. Also, Box service is available for 
your convenience and confidentiality. Call our 
“Classified Advertising” office toll free: National 
(800) 237-9851; in Florida (800) 553-8288. 


PLEASE NOTE — Address replies to box number 
ads as follows: Box number, . c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 
























Pediatric 
Ophthalmologist _ 

















cialists in retina, comea, init : 
neuroophthalmology and general. o 
thalmology. The Glinie is one of the 
nation’s largest miultispecialty clinic 

_ with over 300 physicians serving Central- 
and Northern Wisconsin. Outstanding - 
Department of Peciatric subspecialist ji 
to support your practice as well: w inter- 
ested please contact: | 


James Holzberger, M.D. 
Department of Ophthammology 
By calling collect at 715-387- 





















































We Target The Physician - 
You Want! ie 


The Archives of Ophthaimelogy's classifier 
recruitment section will deliver your message: 
exactly your target audience — all ophthaime 
ogists. A total specialized shysician audience 
over 20,000. K 




































Send us your advertsing order. today: ie 
complete the coupon below and attach your 
typewritten copy. The next available issue is > 
_dune which closes Wednesday, April 25th. For 
complete advertising rate information, please - 

see the first page of this section. 
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ladie N°(levobunolol HCI) 
3 uifilm® sterile ophthalmic solution 


Brief Summary of Prescribing Information 


INDICATIONS AND USAGE: BETAGAN 0.25% and 0. 5% have been 
shown to be effective in lowering intraocular pressure and may be used 

_ in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those indi- 
_ viduals with bronchial asthma or with a history of bronchial asthma, 
_ or severe chronic obstructive pulmonary disease (see WARNINGS), sinus 
bradycardia; second and third degree atrioventricular block; overt car- 
diac failure (see WARNINGS); cardiogenic shock; or hypersensitivity 
to any component of this product. WARNINGS: As with other topical- 
ly applied ophthalmic drugs, BETAGAN may be absorbed systemically. 
The same adverse reactions found with systemic administration of beta- 
adrenergic blocking agents may occur with topical administration. For 
xample, severe respiratory reactions and cardiac reactions, including 
ath due to bronchospasm in patients with asthma, and rarely death 
ation with cardiac failure, have been reported with topical appli- 
of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
tac Fatlure: Sympathetic stimulation may be essential for support 
ye circulation in individuals with diminished myocardial contrac- 
ity, and its inhibition by beta-adrenergic receptor blockade may 
pitate more severe failure. Jn Patients Without a History of Cardiac 
ailure: Continued depression of the myocardium with beta-blocking 
ents over a period of time can, in some cases, lead to cardiac failure. 














t the first sign or symptom: of cardiac failure, BETAGAN should be 
continued. Non-allergic Bronchospasm: In patients with non-allergic 
nchospasm or witha history of non-allergic br hospasm (e.g., 
o emphysema), BETAGAN should be administered with 
ay block bronchodilation produced by endogenous 
techolamine ‘stimulation of beta, receptors. Major 
sity or desirability of withdrawal of beta-adrenergic 
to major surgery is controversial. Beta-adrenergic 
npairs the ability of the heart to respond to beta- 
| ted reflex stimuli. This. may augment the risk of 
general anesthesia i in surgical procedures. Some patients receiving beta- 
drenergic. receptor. blocking agents have been subject to protracted 
ere hypotension during anesthesia. For these reasons, in patients 
ndergoing elective surgery, gradual withdrawal of beta-adrenergic 
ptor blocking agents may be appropriate. If necessary during surgery, 
he effects oft eta-adrenergic blocking agents may be reversed by suffi- 
nt doses of such agonists as isoproterenol, dopamine, dobutamine 
varterenol (see OVERDOSAGE). Diabetes Mellitus; Beta-adrenergic 
ing agents should be administered with caution in patients sub- 
t to spontaneous hypoglycemia or to diabetic patients (especially those 
th labile diabetes) who are receiving insulin or oral hy poglycemic 
“nts. Beta-adrenergic receptor blocking agents may mask the signs 
symptoms of acute hypoglycemia. Thyrotoxicosis: Beta-adrenergic 
ocking agents may mask certain clinical signs (e.g., tachycardia) of 
yperthyroidism. Patients suspected of developing thyrotoxicosis should 
e managed carefully to avoid abrupt withdrawal of beta-adrenergic 
blocking agents which might precipitate a thyroid storm. Contains 
‘sodium metabisulfite, a sulfite that may cause allergic-type reactions 
tuding anaphylactic symptoms and life-threatening or less severe 
hmiatic episodes i in certain susceptible people. The overall prevalence 
f sulfite sensitivity in the general population is unknown and probably 
ulfite sensitivity is seen more frequently in asthmatic than in non- 
matic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
) Liquifilm® ‘sterile ophthalmic solution should be used with caution 
_in patients with known. hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the im- 
mediate objective of treatment is to reopen the angle. This requires con- 
tricting the pupil with a miotic. BETAGAN has little or no effect on the 
‘pupil. When BETAGAN is used to reduce elevated intraocular pressure 
-inangle-closure glaucoma, it should be used with a miotic and not alone. 
“Muscle Weakness: Beta-adrenergic blockade has been reported to poten- 
‘tiate muscle weakness consistent with certain myasthenic symptoms 
{e.g diplopia, ptosis and generalized weakness). Drug Interactions: 
'BETAGAN should be used with caution in patients who are receiving 
a beta-adrenetgic blocking agent orally, because of the potential for 
_ additive effects on systemic beta- blockade. Although BETAGAN used 
no effect on pupil size, mydriasis resulting from con- 
ipy with BETAGAN and epinephrine may occur. Close 
of the patient is recommended when a beta-blocker is 
{to patients receiving catecholamine-depleting drugs such 
as. reserpine, because of possible additive effects and the production 
of hypotension and/or marked bradycardia, which may produce vertigo, 
- syncope, or postural hypotension. Animal Studies: No adverse ocular 
effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility. 
In a lifetime oral study in mice, there were statistically significant (p s 











































0: 05) i increases int ye ‘incidence of benign leiomyomas. inf ; ale mice toe 
at 200 mg/kg/day (14,000 times the recommended human dose for — 
glaucoma), but not at 12 or 50 mg/kg/day (850and 3,500 times the human - 
dose). In a two-year oral study of levobunolol HCI in rats, there was. 

a statistically significant (p < 0.05) increase in the incidence of benign 
hepatomas in male rats administered 12,800 times the recommended 
human dose for glauconia. Similar differences were not observed in rats 
administered oral doses equivalent to 350 times to 2,000 times the recom- 
mended human dose for glaucoma. Levobunolol did not show evidence 
of mutagenic activity in a battery of microbiological and mammalian 
in vitro and in vivo assays. Reproduction and fertility studies in rats 
showed no adverse effect on male or female fertility at doses up to 1,800 
times the recommended human dose for glaucoma. Pregnancy Category 

C: Fetotoxicity (as evidenced by a greater number of resorption sites) 
has been observed in rabbits when doses of levobunolol HCI equivalent 
to 200 and 700 times the recommended dose for the treatment of 
glaucoma were given. No fetotoxic effects have been observed in similar 
studies with rats at up to 1,800 times the human dose for glaucor na. 
Teratogenic studies with levobunolol in rats at doses up to 25 mg/kg/d; ay. i 
(1,800 times the recommended human dose for glaucoma) showed no | 
evidence of fetal malformations. There were no adverse effects on 
postnatal development of offspring. lt appears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, | 
that the rabbit may be a particularly sensitive species. There are no 
adequate and well-controlled studies in pregnant women. BETAGAN -~ 
should be used during pregnancy only if the potential benefit justifies ` 
the potential risk to the fetus. Nursing Mothers: It is not known whether —— 
this drug is excreted in human milk. Systemic beta-blockers and topical <“ 
timolol maleate are known to be excreted in human milk. Caution should 
be exercised when BETAGAN is administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been 
established. ADVERSE REACTIONS: In clinical trials the use of BETAGAN 
has been associated with transient ocular burning and stinging in about 7 
one in four patients, and with blepharoconjunctivitis in abou 
20 patients. Decreases in heart rate and blood pressure h 
reported occasionally (see CONTRAINDICATIONS and W. 
The following adverse effects have been reported rarely wi 
of BETAGAN: Iridocyclitis, headache, transient ataxia, dizziness, let 
urticaria and pruritus. Decreased corneal sensitivity has been noted i in 
a small number of patients. Although lev obunolol has minimal 
membrane-stabilizing activity, there remains a possibility of decreased _ 
corneal sensitivity after prolonged use. The following additional adverse - 
reactions have been reported with ophthalmic use of beta, and beta, © 
(non- selective) adrenergic receptor blocking agents: BODY AS A 
WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 
SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 
Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due 
to withdrawal of miotic therapy in some cases), diplopia, ptosis. Other 
reactions associated with the oral use of non-selective adrenergic recep- 
tor blocking agents should be considered potential effects with 
ophthalmic use of these agents. OVERDOSAGE No data are available 
regarding overdosage in humans. Should accidental ocular overdosage 
occur, flush eye(s) with water or normal saline. Ifaccidentally ingested, 
efforts to decrease further absorption may be appropriate (gastric lavage) 
The most common signs and symptoms to be expected with overdosage 
with administration of a systemic beta-adrenergic blocking agent are 
symptomatic brodycardia, hypotension, bronchospasm, and acute 
cardiac failure. Should these symptoms occur, discontinue BETAGAN 
therapy and initiate appropriate supportive therapy. The following sup- 
portive measures should be considered. 1) Symptomatic bradycardia: 
Use atropine sulfate intravenously in a dosage of 0.25 mg to 2 mg to 
induce vagal blockage. If bradycardia persists. Intravenous isoproterenol 
hydrochloride should be administered cautiously. In refractory cases 
the use of a transvenous cardiac pacemaker should be considered. 
2) Hypotension: Use sympathomimetic pressor drug therapy, such as 
dopamine, dobutamine or levarternol, In refractory cases the use of 
glucagon hydrochloride may be useful. 3) Bronchospasm: Use isopro- 
terenol AE drochloride. Additional therapy with aminophylline may be 
considered. 4) Acute cardiac failure: Conventional therapy with digitalis, 
diuretics and oxygen should be instituted immediately. In refractory 
cases the use of intravenous aminophylline is suggested. This may be 
followed, if necessary, by glucagon hydrochloride which may be useful. 

5) Heart block (second or third degree): Use isoproterenol hydrochloride 
or a transvenous cardiac pacemaker. 
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are as pat a rally” haptic control to assure capsular bag placement 
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centration in the capsular bag" 


| EZVUE. One-piece lens superiority that gives you 
the advantages and increased confidence you 
: want during surgery. 
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In a world of hype and exaggeration, 





diagnosed open-angle glaucoma or ocular 


new Betagan® 0.25 % is that rare exception. hypertension patients with Betagan 0.25%. 
It is not bigger or faster and it won't give @ Its the one with the levobunolol concentra- 


you more. tion on the bottom and the commitment tc 
What new Betagan 0.25% gives you, your patients on top. 
in fact, is less. But, that’s what makes it an O ® 
; Dut, O 
excellent addition to mrg Betagan 0.25 Yo 
your practice. 


Because Betagan 
0.25% is safe and effec- 
tive and gives you, for 





the first time, the option of beginning 
your patients on 0.25% or 05% Betagan. O O Í f ) 
So consider starting your newly 


(evobunolol HCl) 


Liquifilm® sterile ophthalmic solution 
with C Cap™ Compliance Cap B.I.D. 





As with other topically applied ophthalmic drugs, Betagan may 

be absorbed systemically. The same adverse reactions found 

with systemic administration of beta-adrenergic blocking agents 
@ may occur with topical administration 


Betagan® 


(levobunolol 
HCI) 0.25% 


Liquifilm® sterile — 
Ophthalmic solution with 


TM 
C Cap 


COMPLIANCE CAP 


See adjacent page for 
O o O brief prescribing information 
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